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LETTER  OF  TRANSMITTAL        ^aim. 

LIBRARY 


XJ.  S.  Department  op  Agbioultubb, 

Division  of  Soils, 
Wa^hingtany  D.  0.,  February  19j  1899. 

SiB:  In  accordance  with  the  recominendation  in  my  annual  report 
for  1898,  approved  by  you,  and  the  authorization  of  Congress,  a  com- 
prehensive line  of  tobacco  investigations,  to  extend  and  supplement 
the  tobacco  soil  investigations  of  the  Division  of  Soils,  has  been  under- 
taken. The  work  includes  the  mapping  of  soil  areas,  studies  in  fer- 
mentation, improvements  in  breeding  and  selection,  investigations  of 
the  conditions  of  growth  and  manipulation  in  foreign  countries,  and 
the  question  of  supplying  tobacco  to  foreign  markets. 

In  examining  and  classifying  the  soils  of  the  principal  tobacco  districts 
of  the  United  States  certain  facts  developed  in  regard  to  the  commercial 
value  of  the  crop  from  certain  soils  which  could  not  be  clearly  under- 
stood or  explained  without  a  fnrther  investigation  of  the  methods  of 
caring,  fermenting,  afid  handling  of  the  tobacco,  and  possibly  also  of 
breeding  new  varieties.  Only  in  this  way  could  the  full  value  of  the 
soil  work  of  this  Division  be  shown.  As  soon  as  it  was  definitely 
determined  that  the  work  could  be  undertaken,  I  requested  the  Ghief 
of  the  Division  of  Vegetable  Physiology  and  Pathology  to  detail  an 
expert  to  investigate  the  curing  and  fermentation  of  tobacco,  this  work 
naturally  pertaining  to  his  Division.  In  accordance  with  this  request 
Dr.  Osc^r  Loew  was  detailed  to  carry  on  the  investigations,  and  at 
once  went  to  Quincy,  Fla.,  where  he  spent  some  time  during  the  fer- 
mentation season. 

Other  Divisions  have  also  been  asked  to  cooperate  in  a  similar  manner 
in  other  phases  of  the  comi^rehensive  i^jvestigation.  In  view  of  this 
extensive  cooperation  it  is  ])ropo8ed  to  issue  a  series  of  reports  on 
tobacco  investigations,  to  which  all  the  Divisions  of  the  Department 
may  contribute  matter  pertaining  to  the  subject. 

Dr.  Loew's  discovery  of  the  real  cause  of  the  fermentation  of  cigar 
tobacco,  as  remarked  by  Mr.  Galloway  in  submitting  this  reix)rt,  can 
Kot  fail  to  prove  of  great  scientific  interest  and  economic  value,  and 
will  unquestionably  modify  the  methods  of  curing  and  fermenting 
when  the  investigation  has  been  carried  further  and  the  conditions 
and  principles  of  the  process  are  better  understood. 


This  treatise,  which  is  more  or  less  technical,  will  be  followed  by  a 

more  popular  one  giving  the  substance  of  Dr.  Loew's  investigations  in 

connection  with  some  temperature  studies  which  have  been  made  in 

the  fermenting  piles  of  tobacco  in  Florida  and  Connecticut.    1  respect 

ftilly  recommend  that  the  manuscript  herewith  subDiitted  be  published 

as  Report  No.  59  of  the  Department. 

Respectfully, 

Milton  Whitney, 

Chief  of  Division^ 
In  Charge  of  Tobacco  Investigations. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


LETTER  OF  SUBMITTAL 


TJ.  S.  Department  of  Agriculture, 
Division  of  Veobtable  Physiology  and  Pathology, 

Washingi4)n^  J).  O.,  February  19^  1899.     ' 

Sir:  I  respectfully  submit  herewith  the  manuscript  of  a  bulletin 

prepared  by  T>r.  Oscar  Loew,  of  this  Division,  on  The  Curing  and 

Fermentation  of  Cigar  Leaf  Tobacco.    The  work  on  tobacco  has  been 

carried  ou  in  accordance  with  the  plan  of  cooperation  recommended  in 

your  rexK>rt  to  the  honorable  Secretary  of  Agriculture  for  1898.    The 

investigations  have  involved  bacteriological,  chemical,  and  chemico- 

physiological  studies,  and  the  interesting  results  obtained  will,  it  is 

believed,  open  the  way  for  further  work  along  important  lines. 

The  chemical  work  has  been  carried  on  in  the  laboratory  of  the 

I>i vision  of  Chemistry,  and  we  are  greatly  indebted  to  Dr.  H.  W.  Wiley, 

the  Chief  of  that  Division,  for  facilities  furnished.    At  Quincy,  Fla., 

I>r.    LfOew  received  much  information  and  valuable  assistance  from 

Mr.   Henry  Storm  and  Mr.  W.  M.  Corry,  second  vice-president  and 

general  manager,  respectively,  of  the  Owl  Commercial  Company,  which 

bas  a  very  large  tobacco  plantation  at  that  place  and  which  has  done 

more  than  any  other  agency  in  developing  the  tobacco  industry  in 

Florida.    We  wish  to  express  our  thanks  to  these  gentlemen  for  their 

kindness. 

Bespectfnlly,  B.  T.  Galloway, 

Chief  of  Division, 
Prof.  Milton  Whitney, 

Chief,  Division  of  Soils, 

In  Charge  of  Tobacco  Investigations, 
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CURING  A^B   FERMENTATION  OF  CIGAR  LEAF 

TOBACCO. 


INTRODUCTION. 

The  production  of  tobacco  adapted  to  the  different  market  demand 
ba8  becoBie  a  promiiient  factor  in  national  economy.  Of  particula 
importance  is  the  production  of  8a[>erior  cigar  leaf  tobacco.  The  filh 
leaf  of  a  cigar  must  above  all  things  have  a  good  flavor,  good  aromj 
and  good  bum.  In  the  wrapper  leaf,  however,  still  other  qualities  con 
in,  such  as  elasticity,  pliability,  size,  shape,  color,  size  of  the  veini 
the  fineness  and  peculiar  grain  of  the  Havana  type,  and  the  smoot 
silkinesa  of  the  Sumatra. 

Little  is  known  of  the  chemical  properties  of  the  leaf,  especially  < 

those  which  contribute  to  the  flavor  and  aroma.    It  is  probable  that  tl 

actual  amount  of  nicotine  is  relatively  unimportant,  and  it  is  certai 

that  the  excelleiice  of  the  leaf  and  its  adaptation  to  market  demanc 

is  not  dependent,  except  in  a  very  general  way,  upon  the  amonnt  < 

nicotine.    It  has  long  been  known  that  certain  of  the  potassium  salt 

esx>ecially  potassium  chlorid,  can  not  be  used  at  all  for  the  productic 

of  hi^h  types  of  cigar  tobacco,  as  they  give  the  leaf  a  poor  burn.    It 

fxirtbermore  an  old  experience  of  tobacco  growers  that  excessive  nitroj 

enouB  manuring  tends  to  produce  a  large  leaf,  of  inferior  quality,  coi 

taining  an  increased  amount  of  nicotine.    If  the  prime  object  of  tobacc 

cnltare  were  the  production  of  nicotine,  as  the  prime  object  in  raisin 

sa^ar  beets  is  the  production  of  sugar,  then  the  rational  procedui 

i^onld  be  to  furnish  an  excess  of  nitrogenous  manures,  but  nicotir 

alone  does  not  make  a  good  cigar  tobacco  any  more  than  alcohi 

alone  would  make  a  good  wine.    The  substances  producing  the  flav< 

and  aroma,  therefore,  although  probably  present  in  minute  quantitie 

are  much  more  important  than  the  actual  percentage  of  nicotine  foun 

in  tbe  cured  leaf. 

W^hitney '  has  shown  that  tobacco  suited  to  our  domestic  cigars 
g^rown  only  upon  certain  soils  and  under  certain  climatic  conditions.  '. 
appears,  therefore,  that  the  leaf  capable  of  being  converted  into  a  cigi 
leaf  through  the  ordinary  processes  of  curing  and  fermentation  mu 


'  BnU.  No.  11,  DiviBion  of  Soils,  U.  S.  Department  of  Agricnltnre. 
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possess  certain  characters.  A  fresli  leaf  has  no  specific  taste,  nor  has 
it  any  specific  odor,  but  the  finished  leaf  has  a  sharp,  saline  taste  and 
a  characteristic  odor. 

From  the  time  the  tobacco  leaf  is  gathered  in  the  field  until  the 
manufacture  of  the  cigar  and  even  afterwards  a  series  of  highly  inter- 
esting changes  take  place  in  the  leaf,  as  a  result  of  which  the  charac- 
ters of  the  finished  leaf  are  developed  and  fixed.  There  are  three 
stages  in  these  changes,  viz,  (1)  the  curing  process;  (2)  the  sweating, 
or  fermentation ;  and  (3)  the  cold  sweat,  after-fermentation,  or  aging,  as 
it  IS  variously  called. 

THE  CURING. 

There  are  two  periods  in  the  curing  process:  The  first  period,  in 
which  the  cells  of  the  leaves  are  still  alive  and  induce  processes  of 
metabolism;  and  the  second  period,  in  which  the  cells  have  died  and 
tbe  chemical  changes  have  therefore  no  connection  with  the  living 
protoplasm.  In  the  former  period,  which  may  last  only  a  few  days 
(longer  with  the  ribs),  the  starch  content  is  dissolved  and  the  sugar 
formed  is  partly  consumed  by  an  increased  respiration^  and  partly 
transported  to  the  ribs,  where,  as  Miiller-Thurgau  has  shown,  starch 
may  be  formed  again.    In  the  latter  period  the  enzyms  alone  are  active. 

Decrease  of  protein. — With  the  consumption  of  a  large  amount  of  the 
sugar  a  state  of  inanition  or  starvation  sets  in,  and  the  reserve  protein 
is  attacked  by  an  enzym,  trypsin-like  in  character,  the  action  of  which 
will  continue  after  the  death  of  the  cells.  A  cold-prepared  aqueous 
extract  of  a  fresh  leaf  will  show  albumin  on  the  addition  of  nitric  acid 
and  warming,  while  the  cured  leaf  does  not  give  this  reaction.  The 
reserve  protein  and  a  certain  albuminous  portion  of  the  nucleo-proteids 
of  the  protophism  will  thus  finally  be  split  and  transformed  into  amido 
compounds  and  bases,  only  the  remaining  nucleins  resisting,  hence  the 
decrease  of  protein  matter  in  the  curing  and  fermentation  process  will 
stop  at  a  certain  point.  Such  proteolytic  processes  proceed  not  only 
in  plants  exposed  to  darkness,  which  means  their  starvation  or  inani- 
tion, but  also  in  all  cases  where  reserve  protein  must  be  dissolved  to 
enable  further  development,  as  in  germination  or  development  from 
bulbs. 

It  is  in  full  accordance  with  physiological  principles  that  when  cells 
are  in  want  of  nourishment  they  produce  a  larger  amount  of  enzyms 
than  when  well  nourished.  This  explains  why  tobacco  leaves  killed 
immediately  after  being  gathered  will  show  imperfections  when  after 
having  been  moistened  they  are  subjected  to  the  curing  process.  The 
enzyms  that  have  been  produced  during  the  inanition  state  of  the 


'  The  respiration  of  a  pile  of  such  fresh  leaves  may  soon  lead  to  a  considerable  and 
even  injurious  rise  of  temperature,  aH  in  the  respiration  of  germinating  barley  on  the 
mftltiiig  floor.  A  moderate  rise  is  often  intentionally  brought  on,  as  it  hafltens 
tlvffk  curing.  Sometimes  this  rise  of  temperature  is  called  sweating,  although  the 
cause  here  is  a  different  one  from  the  true  sweating,  or  fermentation,  following 
'T  caring. 
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cells,  however,  will  naturally  remain  active  after  the  death  of  the  pro- 
toplasm from  starvation  has  set  in.^ 

Considerable  variation  has  been  fonnd  in  the  total  nitrogen  content 
of  the  fi^esh  leaves^  as  well  as  in  the  amido  nitrogen  content  of  the 
cnred  leaves.  The  amount  of  the  former  may  vary  in  American,  Greek, 
and  German  tobaccos  from  2,  3,  or  4  per  cent  to  8  i>er  cent  of  the  dry 
leaf.  One-third  of  this  and  even  more  can  turn  into  amido  compounds 
in  the  curing  process. 

Regulation  of  heat  and  moisture. — Further  changes,  relating  to  color 
and  flavor,  set  in  with  the  death  of  the  cells.  However,  it  requires  a 
most  judicious  regulation  of  the  moisture,  temperature,  and  ventila- 
tion of  the  barn  where  the  tobacco  leaves  are  hung  up  to  obtain  those 
changes  which  characterize  cured  tobacco  of  a  superior  quality.  This 
curing  process  may  last  four  weeks  or  even  much  longer.*  When  the 
weather  is  too  dry  all  the  chemical  changes  in  the  i'^.aves  come  to  a  pre- 
mature stop,  but  on  the  other  hand  when  it  is  too  moist  the  danger  of 
mold  development  arises.  In  the  former  case  the  barns  must  be 
eventually  kept  closed  and  water  introduced,  while  in  the  latter  case 
careful  application  of  heat  may  be  resorted  to. 

An  interesting  experiment  in  curing  by  artificial  heat  has  been 
described  by  B.  H.  Jenkins.^  Some  farmers  have  tried  the  burning  of 
sulphur  with  the  intention  of  killing  the  mold  spores  by  sulphurous 
acid,  but  this  requires  the  utmost  precaution,  as  the  leaves  themselves 
might  easily  be  injured  and  even  all  further  action  in  them  stopped. 

Sometimes  mold  fungi  will  develop  unnoticed  in  the  stems,  appearing 
distinctly  later  on,  when  the  sweating  operation  has  begun.  All  dis- 
eased leaves  must  be  discarded  before  fermentation  begins  in  order  to 
avoid  further  damage  by  the  spreading  of  the  fungi.  Tobacco  growers 
in  Florida  recognize  the  white  mold,  the  yellow  mold,  the  blue  mold, 
and  the  stem-rot  mold,  the  latter  being  the  worst  and  causing  much 
damage.  Stargis  has  described  a  bacterium  causing  pole  burn  of 
tobacco,^  and  further  determined  the  fungus  causing  the  stem  rot  to  be 
Botrytis  long^ibranchiata.^  Jenkins  reports  that  the  pole  burn  disease 
"may  destroy  a  portion  or  even  the  whole  of  the  harvested  crop  within 
forty-eight  hours  after  the  time  when  the  trouble  is  first  noticed." 


'  It  is  somewhat  difficult  to  provo  the  presence  of  diastase  in  healthy  normal 
leares,  as  very  small  qnantities  may  resist  extraction. 

^Tho  drying,  or  curing,  for  good  cigar  tobacco  requires  about  as  much  time  in 
America  as  it  does  in  Europe.  Tscherwatscheff,  a  Russian,  has  described  the  Ameri- 
can method  as  requiring  but  four  days  with  applications  of  artificial  heat  (Landw. 
Jahrb.,  1875).  What  he  had  seen,  however,  was  nothing  but  the  preparation  of 
Ught-colored  cigarette  tobacco  as  pnicticed  in  North  Carolina,  Virginia,  and  Ken- 
tucky. In  curing  cigar  tobacco  lire  is  resorted  to  only  when  damp,  foggy  weather 
prevails  for  a  long  time. 

•Conn.  Agr.  Expt.  Sta.  Ann.  Rept.,  1897;  7Wd.,  1892,  p.  38. 

^Conn.  Agr.  Expt.  Sta.  Ann.  Rept.,  1891. 

*Md,f  8targis*8  list  of  tobacco  diseases. 
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Flavor, — ^The  developmeDt  of  the  flavor  of  cured  tobacco  has  not  yet 
beeu  explained.  At  first  a  decided  flavor  of  cacambers^  is  generated, 
which  later  on  is  entirely  replaced  by  the  rank  and  common  straw 
smell  of  cured  tobacco,  giving  rise  finally  to  the  superior  tobacco  flavor 
developed  by  the  sweating  or  fermentation  process. 

Color. — As  regards  the  brown  color  of  cured  and  fermented  tobacco, 
there  can  hardly  be  any  doubt  that  not  only  one  but  several  compounds 
contribute  by  their  chemical  changes  to  its  development.  Of  course 
the  first  supposition  would  be  that  the  tannin,  by  being  changed  into 
a  phlobaphene  (a  brown  product),  is  the  principal  cause.^  Thus,  tor 
example,  in  the  autumn,  when  the  leaves  of  oaks  and  of  various  other 
tre^s  containing  tannin  die  off,  a  brown  coloration  sets  in.  Bat  the 
intensity  of  the  brown  color  of  the  lermentert  tobacco  leaf  does  not  run 
parallel  to  the  different  concentration  of  the  tannin  in  the  cell  systems 
of  the  leaf.  A  healthy  tobacco  leaf  was  placed  with  its  base  in  a  dilate 
solution  of  ferrous  sulphate  (about  1  per  cent)  for  from  twelve  to  fifteen 
hours,  at  the  end  of  which  time  this  reagent  had  risen  to  the  tip  of  the 
leaf,  thereby  partly  killing  it.  A  reaction  in  the  form  of  a  black  color 
appeared,  principally  in  the  epidermis  and  to  some  extent  also  in  the 
mesophyll,  but  not  at  all  in  the  vascular  bundles.  This  black  coloration 
seemed  to  be  restricted  to  the  chloroplasts. 

The  epidermis  of  cured  leaves,  however,  contains  the  least  amount  of 
coloring  matter  and  is  sometimes  entirely  devoid  of  it,  with  the  excep- 
tion of  the  gland  hairs,  while  the  mesophyll  cells  always  contain  a  brown 
substance  in  irregular-shaped  or  rounded  masses.  The  principal  part 
of  the  brown  matter,  however,  is  in  the  veins  of  the  leaves  and  even  the 
most  minute  ramifications  of  the  vascular  bundles  appear  to  be  a  much 
darker  brown  than  the  neighboring  mesophyll  cells.  The  circumstance 
that  the  veins  contain  less  nicotine  than  the  rest  of  the  leaf  also  mili- 
tates against  the  view  that  the  coloring  matter  is  principally  due  to 
the  oxidation  of  nicotine.  However,  there  occurs  in  the  veins  a  bitter 
principle  that  does  not  seem  to  o<;cur  in  the  rest  of  the  leaf,  and  perhaps 
this  may  contribute  to  the  color. 

It  is  easy  to  show  that  several  compounds  contribute  to  the  brown 
coloration  in  well-cured  leaves.  In  the  first  place,  much  brown  matter 
is  extracted  by  cold  water.  Leaves  thus  exhausted  will  yield  up  another 
portion  of  brown  matter  to  warm,  dilute  sulphuric  acid,  and  finally 
still  another  portion'  of  a  different  chemical  behavior  is  extracted  by  a 
warm,  dilute  solution  of  potassium  hydrate. 


'The  expressed  juice  of  a  fresh  tobacco  leaf  is  at  first  without  odor,  but  it  gradn- 
any  assumes  that  of  fresh  cucumbers,  which  later  on  is  destroyed  by  putrefaction. 

'^According  to  Savery,  the  tannin  of  tobacco  is  identical  with  that  of  coffee.  There 
exists,  evidently,  several  kinds  of  phlobaphene,  depending  on  the  kind  of  tannin. 

3  This  latter  portion  is  a  mixture  of  several  compounds,  some  colorless  and  pectose- 
like,  and  one  colored  and  phlobaphene-Iike.  Twenty- five  grams  of  fermented 
tobacco  from  Florida  yielded  0.51  grams  of  this  product.  The  cell  membranes  of  the 
tobacco  thus  treated  exhibit  nnder  the  microscope  a  swollen  appearance. 
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One  author  has  assumed  that  the  chlorophyll  is  first  attacked  in  the 
caring  process  and  destroyed,  but  this  is  not  correct.  The  green  color 
of  the  chloniphyll  is  in  the  beginning  merely  covered  by  the  brown 
substances.  In  the  thin  samples  of  fermented  leaves  of  a  light-brown 
color  green  spots  may  frequently  be  noticed,  and  even  dark-colored, 
freshly  fermeuted  leaves  may  sometimes  yield  a  greenish  solution  upon 
extraction  with  strong  alcohol.  It  is  of  some  interest  to  note  that  the 
brown  matters  are  insoluble  in  absolute  alcohol. 

Ammonia, — An  interesting  feature. in  the  caring  and  fermenting 
process  is  the  formation  of  a  small  amount  of  ammonia.  As  the  green 
leaves  contain  some  asparagin,  the  formation  of  ammonia  might  be  due 
to  a  small  extent  to  the  decomposition  of  this  amide,  which  readily 
yields  ammonia  and  aspartic  acid.  But  in  certain  tobacco  crops  there 
occar  only  minute  quantities  of  asparagin.  Certain  amido  compounds 
formed  by  decomposition  of  proteids  and  also  a  part  of  the  nicotine  in 
decomposing  probably  yield  the  principal  amount  of  ammonia.  The 
nicotine  undergoes,  in  the  fermentation  process  at  least,  a  considerable 
diminution,  as  explained  below. 

The  opinion  that  the  ammonia  deteriorates  the  quality  of  the  product 
is  certainly  unfoanded,  as  Fesca  has  correctly  x>ointed  out.  It  has  been 
demonstrated  by  Behrens  that  during  the  curing  process  a  part  of  the 
salphnr  of  the  decomposed  proteids  is  oxidized  to  sulphuric  acid  and 
that  the  amount  of  compounds  soluble  in  ether  decreases.  The  latter 
consist  of  a  fatty  substance  and  a  volatile  oil  of  disagreeable  odor 
derived  principally  from  the  gland  hairs. 

The  total  loss  of  dry  matter  in  the  curing  process  is  subject  to  great 
variation,  depending  mainly  upon  the  amount  of  starch  present  at  the 
time  of  gathering,  as  above  stated.  The  diminution  of  dry  matter  may 
be  as  much  as  40  i)er  cent. 

The  principal  changes  in  the  curing  process  may  be  summed  up  as 
follows: 

(1)  Disappearance  of  starch. 

(2)  Formation  of  sugar  and  its  partial  disappearance  by  respiration. 

(3)  Deeona position  of  protein  with  formation  of  amido  compounds. 

(4)  Decrease  of  fatty  matter. 

(5)  Decrease  of  tiiunin. 

(6)  Change  of  color  and  flavor. 

THE  SWEATING  OR  FERMENTATION  PROCESS. 

The  so-called  fermentation  process  develops  in  the  tobacco  leaves  the 
characteristic  qualities  of  the  commercial  article.  It  is  natural  to  sup- 
pose that  the  same  agency  which  finishes  the  curing  process  after  the 
death  of  the  cells  remains  active  during  the  so-called  fermentation 
process  also.  The  fermentation  follows  immediately  after  the  curing 
when  both  are  done  by  the  grower,  but  where  the  cured  tobacco  is 
bought  up  by  manufacturers  several  months  may  pass  before  it  is  sub- 
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jected  to  the  sweating  process.  This  operation  begins  when  the  tobacco 
is  in  the  proper  "order"  or  ''case,"  being  brought  into  this  condition 
naturally  on  a  damp  day,  or  by  an  exceedingly  cautions  moistening, 
avoiding  any  visible  water  on  the  leaves.  The  amount  of  water  applied 
must  just  suffice  to  bring  on  moderate  imbibition.  The  total  amount 
of  water  necessary  to  bring  on  a  normal  sweat  is  from  18  to  25  per  cent 
of  the  moistened  leaf.  A  portion  of  this  water  (about  one-fourth)  is 
again  lost  during  the  sweat. 

The  sweating  of  the  Florida  leaf  in  bulk  requires  from  six  to  eight 
weeks,  the  original  crude  and  rank  smell  of  the  cured  tobacco  being 
gradually  changed  to  the  proper  aroma  of  the  finished  tobacco,  and 
the  glossy  appearance  and  the  texture*  beioi — -41  brought  out.  Light- 
colored  wrappers  require  a  slower  and  f^^ot  ♦  fermentation  than  the 
dark-colored  leaves  used  as  dark  wrapp^x's  or  fillers. 

Rise  of  temperature. — When  the  cured  tobacco  is  sold  by  the  farmer 
a  large  number  of  leaves  are  tied  together  at  the  base,  forming  '"hands." 
At  the  beginning  of  the  sweat  such  ''hands"  are  well  shaken  in  order 
to  open  all  the  foliage  and  admit  air  to  every  part.  Then  commences 
the  moistening,  when  necessary,  which  is  done  by  exposing  the  "  hands," 
under  continuous  shaking,  to  a  current  of  steam  issuing  irom  a  pipe;  by 
spraying  with  a  tine  spray;  or  by  dipping,  in  which  case  the  bases  of 
the  "hands"  are  plunged  into  water  and  shaken,  the  adhering  water 
being  soon  drawn  by  capillary  attraction  into  the  leaf.  These  "hands" 
are  then  packed,  with  the  butts  outside,  in  piles  4  to  5  feet  wide  and  12 
to  15  feet  long.  The  rooms,  which  contain  a  large  number  of  such  piles, 
are  kept  warm,  and  steam  passes  freely  from  a  number  of  pipes  into  the 
air  of  these  rooms  to  secure  uniform  moisture,  as  otherwise  the  warming 
piles  would  soon  become  too  dry.  The  temperature  of  these  piles  rises 
in  from  one  to  two  days  considerably  above  the  temperature  of  the  fer- 
menting room  and  may  reach  52°  C.  (126^  F.)  or  higher.  Repacking 
becomes  necessary  in  from  three  to  four  days  in  order  to  check  the  rise 
in  temperature  and  to  shake  out  the  leaves.  The  lower  "hands"  are 
now  placed  on  the  top  and  the  outer  ones  in  the  center  in  order  to  give 
all  leaves  an  equal  chance  to  improve.  The  temperature  now  rises 
more  and  more  slowly,  the  next  repacking  not  being  necessary  before 
about  seven  or  eight  days.  Altogether  the  piles  are  repacked  from 
five  to  eigbt  times.  When  the  temperature  rises  too  high  the  color  or 
the  aroma  may  be  injured,  hence  freciuent  examinations  are  necessary. 
These  examinations  are  made  by  pushin^^  the  hand  into  the  piles,  a 
decision  being  reached  by  the  seuse  of  feeling.^ 

Oxidation, — Tobacco  manufacturers  are  well  aware  of  the  fact  that 
a  moderate  quantity  of  air  should  gain  access  to  the  interior  of  the 

*  The  textnre,  or  graiu,  of  the  leaf  meaus  to  tobacco  mauufactarers  small  points 
plainly  visible  on  the  extended  leaf.  It  appears  that  these  points  are  the  bases  of 
the  gland  hairs,  most  of  which  break  off  in  the  curing  and  sweating  processes. 

'^  For  details  relative  to  the  treatment  of  the  fermenting  tobacco  heaps  the  reader 
is  referred  to  Farmers'  BnUetin  No.  60  and  to  the  next  report  ou  tobacco. 
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fermenting  piles  and  that  undue  pressure  must  be  avoided  in  order  not 
to  diminish  this  access  of  air  more  than  is  necessary  to  insure  an  accu- 
mulation of  heat.  Not  only  are  numerous  little  channels  left  naturally 
in  the  piles,  but  diffusion  also  will  set  in  as  soon  as  the  air  in  the  piles 
becomes  wanner  than  the  surrounding  atmosphere. 

Repeated  efforts  have  been  made  to  replace  the  sweating  or  fermen- 
tation process  by  a  direct  oxidation.  Dr.  Mew,  of  the  Army  Medical 
Museum  of. this  city,  assures  the  writer  that  some  experiments  made  by 
him  about  twenty  years  ago  to  improve  the  cured  tobacco  leaf  by  direct 
application  of  a  dilute  solution  of  i>ermanganate  of  potassium  resulted 
in  an  essential  improvement,  the  product  being  milder.  Similar  results 
have  been  recently  n^^-^^oned  by  Kiessling.^  In  Germany  a  patent 
has  been  granted  to  thv  uvn.^f  Siemens  &  Halske  for  treating  tobacco 
with  ozone.  However,  oxidation  often  takes  quite  an  undesirable  turn, 
and  the  danger  of  destroying  the  aroma  is  quite  as  great,  if  not  greater, 
than  the  likelihood  of  developing  it  by  artificial  means. 

Losses. — Jenkins  has  shown  ^  that  the  losses  in  fermentation  are 
apparent  in  the  nicotine,  protein,  amido  compounds,  nitrogen-free 
extract,  and  also,  to  a  much  less  extent,  in  the  ether  extract.  The 
loss  of  nicotine  varies  considerably  in  different  samples  and  was 
found  by  Jenkins  to  range  from  one-sixth  to  one-half  in  three  samples 
analyzed.  Behrens  observed  in  one  sample  a  decrease  of  nicotine 
from  1.46  per  cent  in  the  cured  leaf  to  1.07  per  cent  in  the  fermented 
leaf.  Dambergis  found  in  air-dry  Greek  tobaccos,  having  irom  7  to  14 
per  cent  of  water,  from  2.8  to  0.7  per  cent  of  nicotine.^ 

The  question  as  to  how  much  the  loss  of  organic  matter  amounts  to 
during  the  sweating  process  can  be  answered  only  approximately  and 
by  comparing  parts  of  one  and  the  same  leaf,  but  a  constant  result 
wUl  never  be  reached,  as  the  nature  of  the  proceeding  in  fermentation 
brings  on  differences  in  temperature,  water  content,  and  access  of 
oxygen,  and  thus  leads  to  vaiiations.  In  the  fermenting  heap  thick 
and  thin  leaves  occur,  often  varying  more  than  20  per  cent  in  weight 
for  an  equal  surface  area.  Leaves  grown  in  the  shade  are  thinner  than 
those  exxK>sed  to  direct  sunlight,  and  in  hot,  dry  summers  the  leaves  are 
thicker  and  coarser  than  in  moist,  rainy  seasons.^  These  conditions  of 
course  naturally  influence  the  result. 

Some  tobacco  manufacturers  estimate  the  average  loss  during  the 
fermentation  process  to  be  15  per  cent  (organic  matter  and  water 
together),  while  others  estimate  the  loss  of  solid  matter  alone  to  be 


'  Der  Tabak,  Berlin,  1893. 

*  Conn.  Agr.  Expt.  Sta.  Ann.  Kept.,  1891. 

'Oesterreich.  Chem.  Zeitg.,  No.  16, 1898. 

^In  the  rainy  season  of  1891  Sumatra  tobacco  leaves  woiglied  52  gi-ams  per  square 
meter,  while  in  the  dry  season  of  1892  the  leaves  grown  on  the  same  spot  weighed 
80 to  90  grams  per  square  meter.  Behrens  explains  this  difference  by  the  larg(*r 
intramolecnlar  spaces  produced  by  excess  of  moisture  (Landw.  Vers.  Stat.,  1894, 
Band  43,  p.  272). 


^  16 

from  4  to  5  i>er  cent.  According  to  Jenkius,^  the  losses  may  be  even 
larger.  He  reports  that  ^^  the  upper  leaves,  short  seconds,  and  first 
wrappers  lost,  respectively,  by  fermentation  9.7, 12.3,  and  9.1  per  cent  of 
their  total  weight.  But  while  three-fourths  of  tlie  loss  in  the  case  of 
the  short  seconds  consisted  of  water,  in  the  case  of  the  upper  leaves 
almost  three-fourths  of  the  loss  was  dry  matter.  The  first  wrappers 
lost  a  little  less  dry  matter  than  water." 

Development  of  gases. — The  formation  of  ammonia  can  be.noticed  by 
the  characteristic  odor  in  the  fermenting  rooms,  but  the  amount  is  not 
so  high  as  one  might  naturally  be  led  to  suppose  from  the  intensity  of 
the  smell.  About  3  liters  of  air  from  the  interior  of  a  fermenting  pile 
when  drawn  through  25  cc.  of  Nessler's  reagent,  jiroduced  a  light  yellow 
color,  indicating  about  0.05  milligram  of  ammonia.  No  trace  of  hydro- 
gen sulphide  is  given  off.  Test  tubes  containing  filter  paper  moistened 
with  basic  lead  acetate  remained  perfectly  colorless  for  twenty-four 
hours  in  the  fernientiug  heaps,  hence  it  may  be  safely  concluded  that 
no  protein  decomposition  resembling  putrefaction  takes  place.^  The 
amount  of  carbonic  acid  given  off  was  also  much  smaller  than  would 
naturally  be  expected  from  the  apparent  energy  of  the  action. 

Starch. — Small  quantities  of  starch  are  sometimes  found  in  fer- 
mented tobacco  when  the  curing  process  has  not  been  carried  out  prop- 
erly in  all  parts  of  the  leaf  or  in  parts  of  leaves  broken,  or  injured  by 
fungi,  as  observed  by  Miiller-Thurgau,  but  this  occurrence  of  a  small 
percentage  of  starch  interferes  with  the  flavor  just  as  little  as  does  the 
closely  related  cellulose.  The  well-prepared  tobacco  wrappers  from 
Florida  examined  by  the  writer  did  not  show  a  trace  of  starch.  The  fact, 
however,  that  in  the  curing  process  the  solution  of  the  starch  is  going 
on  with  great  energy  forms  a  contrast  to  the  observation  that  in  cer- 
tain cases  remnants  of  starch  remain  unattacked  during  the  fermenta- 
tion process.  This  admits  of  hardly  any  doubt  that  the  diastase^  is 
gradually  destroyed,  perhaps  by  the  proteolytic  enzym. 

Sugar, — As  to  the  disappearance  of  the  last  remnant  of  sugar  during 
the  sweating,  amounting,  according  to  Miiller-Thurgau,  to  from  1  to  3.3 
per  cent,  some  authors  assume  oxidation  to  carbon  dioxide  and  water, 
and  others  assume  a  partial  transformation  to  acetic  acid.  When  it  is 
taken  into  consideration  that  an  alkaline  medium  can  soon  change 
glucose  into  organic  acids  (gluconic,  saccharinic,  etc.),  especially  in 
the  presence  of  air,  a  more  simple  explanation  would  be  at  hand  than 


*  Conn.  Agr.  Expt.  Sta.,  Ann.  Kept.  1892^  p.  28.  The  leaves  used  for  comparison  were 
most  carefully  Heleeted  and  were  as  nearly  alike  in  color,  size,  and  texture  as  pos- 
sible. 

'Nes.sIer*H  comparison  of  the  sweating  proceHs  to  putrefaction  is  certainly  not 
a<lniiHsible  f  neither  is  his  declaration  that  the  formation  of  ammonia  is  not  normal, 
but  simply  a  sign  of  true  putrefaction. 

^Diastafte  is  absolnt4>ly  necessary  to  diasolve  and  saccharify  the  starch.  The 
dextrin  and  maltose  thus  formed  may  afterwards  be  transformed  into  glucose  by  the 
livin^u^ro  topi  asm  itself,  wherever  this  latter  comes  under  consideration. 
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CURING  AND  FERMENTATION  OF  CIGAR  LEAF 

TOBACCO. 


INTRODUCTION. 

The  production  of  tobacco  adapted  to  the  differcDt  market  demands 
hs^  become  a  promiiient  factor  in  national  economy.  Of  particular 
importance  is  the  production  of  superior  cigar  leaf  tobacco.  The  filler 
leaf  of  a  cigar  must  above  all  things  have  a  good  flavor,  good  aroma, 
and  good  bum.  In  the  wrapper  leaf,  however,  still  other  qualities  come 
in,  such  a«  elasticity,  pliability,  size,  shape,  color,  size  of  the  veins, 
the  fineness  and  peculiar  grain  of  the  Havana  type,  and  the  smooth 
silkiness  of  the  Sumatra. 

Little  is  known  of  the  chemical  properties  of  the  leaf,  especially  of 
tliose  which  contribute  to  the  flavor  and  aroma.  It  is  probable  that  the 
actual  amount  of  nicotine  is  relatively  unimportant,  and  it  is  certain 
tliat  the  excellence  of  the  leaf  and  its  adaptation  to  market  demands 
is  not  dependent,  except  in  a  very  general  way,  upon  the  amount  of 
nicotine.  It  has  long  been  known  that  certain  of  the  potassium  salts, 
especially  potassium  chlorid,  can  not  be  used  at  all  for  the  production 
of  high  types  of  cigar  tobacco,  as  they  give  the  leaf  a  x)oor  burn.  It  is 
furthermore  an  old  experience  of  tobacco  growers  that  excessive  nitrog- 
enous manuring  tends  to  produce  a  large  leaf,  of  interior  quality,  con- 
taining an  increased  amount  of  nicotine.  If  the  prime  object  of  tobacco 
culture  were  the  production  of  nicotine,  as  the  prime  object  in  raising 
sa^ar  beets  is  the  production  of  sugar,  then  the  rational  procedure 
'would  be  to  furnish  an  excess  of  nitrogenous  manures,  but  nicotine 
alone  does  not  make  a  good  cigar  tobacco  any  more  than  alcohol 
alone  would  make  a  good  wine.  The  substances  producing  the  flavor 
and  aroma,  therefore,  although  probably  present  in  minute  quantities, 
are  much  more  imx>ortant  than  the  actual  percentage  of  nicotine  found 
in  the  cured  leaf. 

Whitney '  has  shown  that  tobacco  suited  to  our  domestic  cigars  is 
^rown  only  upon  certain  soils  and  under  certain  climatic  conditions.  It 
appears,  therefore,  that  the  leaf  capable  of  being  converted  into  a  cigar 
leaf  through  the  ordinary  processes  of  curing  and  fermentation  must 
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^'EMPERATURE  CHANGES  IN  FERMEXTING  PILES  OF  CIGAR-LEAF 

TOBACCO. 


INTRODUCTION. 

With  the  introduction  and  rapidly  extending  nse  of  Sumatra  toba<!C(^ 
fov  wrapping  our   domestic  cigars,  and  with  the  superior  (juality  and 
commercial  standing  of  the  Cuban  tobacco,  competition  with  the  prod- 
-Acts  of  this  country,  notwithstanding  the  tariff  on  tobacco  from  for- 
eign countries,  has  been  very  severe.    Unlike  most  of  our  staple  farm 
^Tops,  fashion  largely  determines  the  commercial  value  of  tobacco.    The 
were  designation  of  a  tobacco,  as  Eussian,  Turkish,  or  Grecian,  carries- 
much  weight  in  the  opinion  of  many  smokers  and  induces  them  to  pur- 
chase  such  tobacco  in  preference  to  the  domestic  grown,  simply  because 
it  is  of  foreign  origin.    Aside  from  this  there  are  certain  qualities  about 
the  Sumatra  and  Cuban  tobaccos  which  are  universally  recognized  as 
extremely  desirable.    The  duty  on  wrapper  leaf  is  $1.85  per  pound  and 
«in  filler  leaf  35  cents  per  x)ound,  so  no  cigar-leaf  tobacco  is  imported 
into  this  country  without  at  least  35  cents  per  pound  being  added  to  th& 
«>Tiginal  cost.    All  of  the  Sumatra  tobacco  is  used  for  wrapper  purposes 
^&nd  is  worth  on  the  average  from  $2.50  to  $3  per  pound,  duty  paid* 
This  high  price  of  wrapper  leaf,  together  with  the  scarcity  of  Cuban 
ifiUers  and  wrappers  during  the  past  two  or  three  years,  has  greatly^ 
stimulated  the  industry  of  the  production  of  cigar  tobaccos  in  this- 
country. 

The  interest  in  the  production  of  a  cigar  leaf,  and  particularly  of  ai 
trapper  leaf,,  to  compete  successfully  with  the  tobacco  imported  front 
^Qba  aud  Sumatra,  has  led  to  marked  developments  in  the  tobacco^ 
^*iterests  of  Florida,  Texas,  and,  more  recently,  in  the  Connecticut 
^  alley.    The  light,  sandy  soils  bordering  the  Connecticut  River  pro- 
^^Uce  a  wrapper  leaf  of  superior  quality  which  more  nearly  complies 
^th  the  present  market  demands  for  cigar  wrappers  than  the  tobacco- 
fi'om  any  of  the  other  northern  tobacco  districts,  but  still  the  Connect- 
icut leaf  brings  only,  on  the  average,  about  20  cents  per  pound  for 
^'I'apper  purposes,  while  the  tariff  alone  on  imported  wrappers  is  $1.85^ 
^^r  pound.    The  most  notable  advance  in  the  past  few  years  has  been^ 
"however,  in  the  development  of  the  cigar-tobacco  industry  in  Floriday 
^"liere  a  wrapper  leaf  of  very  superior  quality  is  being  produced  which 
^^romises  to  provide  a  very  satisfactory  wrapper  for  the  Cuban  tobacco^ 
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and  to  compete  successfully  with  the  imi)orted  Sumatra,  which  it  resen 
bles  very  closely  in  the  most  important  features.  This  result  has  bee 
attained  through  very  careful  and  intelligent  methods  of  selectioi 
cultivation,  fermentation,  and  great  care  in  the  grading  of  the  lea 
This  experience  has  extended  over  a  number  of  years,  and  the  prodai 
every  year  has  been  more  and  more  satisfactory. 

Great  interest  has  been  manifested  in  these  Florida  experimeuta  1 
the  growers  in  the  other  cigar  tobacco  districts,  and  the  Florida  met 
ods  have  been  studied  by  persons  interested  in  the  improvement  oft 
tobacco  of  other  districts. 

The  investigations  of  the  Division  of  Soils  liave  shown  that  the  ligl 
sandy  soils  of  the  Connecticut  Valley  are  similar  in  their  physii 
properties  to  the  tobacco  lands  of  Florida,  the  Vuelta  Abajo  Distr 
of  (3uba,  and  to  the  tobacco  districts  of  Sumatra.  There  is,  furtb 
more,  no  such  difference  in  the  meteorological  data  from  these  pla- 
as  would  seem  to  explain  the  difference  in  the  character  of  the  1 
produced.  It  is  important,  therefore,  to  carry  the  investigations  fart 
and  to  discover,  if  possible,  the  causes  of  the  difference  between 
Connecticut  leaf  and  some  of  the  foreign  tobaccos  with  which  it  coi 
into  competition. 

It  is  clearly  recognized  that  the  tlavor  and  aroma  of  the  cigar-tobii 
leaf  are  developed  during  the  fermentation,  although  the  fermeutai 
changes  are  dependent  upon  a  certain  quality  of  leaf  which  has  t 
properly  cured.    The  practice  of  fermentation  differs  greatly  in 
several  tobacco  districts,  and  as  the  method  of  fermentation  is  kn 
to  have  a  decided  effect  upon  the  physical  characteristics  of  the 
and  ui)on  the  flavor  and  aroma,  it  was  considered  at  least  possible 
the  commercial  characteristics  of  the  Connecticut  leaf  might  be  di 
the  methods  of  fermentation  rather  than  to  the  character  of  the  so 
climate.    It  was  considered  advisable  to  see  if  the  method  of  fen 
tation  practiced  in  Cuba,  and  more  recently  in  Florida,  would 
more  desirable  commercial  characteristics  to  the  Connecticut  leaf. 

As  our  investigations  have  shown  no  marked  difference  iu  tb< 
conditions  or  in  the  climatic  conditions  of  the  growing  season,  it  is 
sonable  to  expect  that  by  improved  methods  of  cultivation  or  o 
mentation  the  quality  of  the  Connecticut  leaf  can  be  greatly  impr« 
If  it  is  found,  however,  that  satisfactory  results  can  not  be  attaiu 
this  manner  with  the  soil  and  climatic  conditions,  it  should  be  x>o5 
to  change  the  specific  characteristics  of  the  plant  itself  through  b 
ing  and  hybridization,  so  that  under  the  existing  conditions  a  wri 
leaf  of  acknowledged  excellence  could  be  produced  on  these  Com 
cut  soils  which  would  compare  favorably  in  the  commercial  valu 
pound  with  the  Florida  and  imported  products. 

The  (luestions  of  fermentation  and  breeding  by  selection  and  li^ 
izing  of  plants  belong  properly  to  the  Division  of  Vegetable  Physi 
and  Pathology.    An  arrangement  has  therefore  been  made  wii 
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lief  of  that  division  to  cooperate  actively  iu  this  work,  and  many  val- 
ible  suggestions  have  already  been  obtained  from  the  investigations 
'Dr.  Oscar  Loew,  also  of  that  division,  which  make  it  appear  at  least 
issible  that  tiie  difference  in  the  fermenting  power  of  the  Connecticut 
af,  as  compared  with  the  Florida  leaf  may  be  modified  and  the  com- 
ercial  qualities  greatly  improved  in  the  curing  and  fermentation  of 
le  leaf.  There  is  reason  to  believe,  therefore,  that  we  will  be  able  in 
me  to  control  the  ferment^itiou  and  greatly  improve  the  value  of  the 
ounecticut  leaf  for  cigar  purposes. 

Tbe  present  bulletin  gives  the  records  of  the  moisture  content  and 
le  temperature  of  fermenting  piles  of  Florida  tobacco  as  a  basis  for 
le  bulk  metho<l  of  fermentation  of  tobacco  in  other  lo<*alitie8.  This  is 
reparatory  to  i\  more  extensive  line  of  investigation  by  Dr.  Loew, 
»operating  with  the  Division  of  Soils,  which  it  is  proposed  shall  finally 
iclade  a  study  of  the  principal  tobacco  districts  of  this  country. 

METHOD   OF  FBRMBNTINO   TOBACCO. 

The  method  of  fermenting  tobacco  as  practiced  in  Florida  has  been 
Bscribed  in  Farmers'  Bulletin  No.  (30  of  this  Department.  The  tobacco 
I  fermented  in  large  <' bulks,"  the  term  commonly  used  in  the  trade  as 
pplied  to  a  mass  of  tobacco  i)iled  up  for  fermentation.  It  is  constantly 
atched  during  the  six  or  eight  weeks  that  the  fermentation  requires, 
)  see  that  the  temperature  does  not  go  too  high  and  that  the  moisture 
)uditious  remain  favorable. 

The  methods  employed  in  this  fermentation  in  Florida  have  been 
eveloped  as  a  result  of  long  experience.  Even  now  the  proper  progress 
f  the  fermentation  is  only  determined  as  a  matter  of  experience  by  the 
tteiidaut  in  charge  of  the  fermenting  piles.  There  are  no  hard  and 
1st  rules  to  be  given  and  no  really  explicit  instructions  which  may  be 
sed  in  a  new  district  by  a  person  unacquainted  with  the  methods. 
The  following  description  of  the  Florida  method  is  taken  from 
farmers'  Bulletin  IXo.  CO: 

When  thoronghly  cured  and  the  leaves  are  in  proper  case,  or  order,  they  are  stripped 
ff  aud  tie<l  into  hands.  These  hands  are  then  balked  for  the  sweat,  the  Cuban  and 
nmatra  tobaccos  being  kept  separate. 

The  bulks  may  be  built  up  directly  on  the  Hoor,  or  the  leaves  may  be  put  into  bins. 
D  large  establishments  the  temperature  and  humidity  of  the  room  can  be  thoroughly 
egnlated  to  secure  uniform  progress  of  the  fermentation.  This  is  done  by  steam 
ipcs  to  warm  the  room,  in  which  there  are  vents  for  the  escape  of  steam  when  it  is 
jesired  to  make  the  atmoBph(>re  more  moist.  The  temperature  of  the  room  is  kept 
nite  high;  and  the  vapor  from  the  bulk  which  is  being  worked  over  is  very  pungent 
nd  almost  overpowering.  There  is  a  very  strong  odor  of  ammonia,  which  makes  it 
lifficuU  to  breathe. 

The  bulk  is  watched  very  closely,  and  as  the  temperature  rises  it  is  torn  down, 
neb  band  of  tobacco  is  taken  up  and  shaken  thoroughly  to  dry  it  a  little,  to  cool  it 
lightly,  and  to  open  the  leaves  so  that  they  will  not  stick  together.  Hefore  the 
iweat  is  completed  the  bulk  is  pulled  down  and  built  up  eight  or  ten  times,  accord- 
ing to  the  condition  of  the  tobacco.     It  is  iuipossiblc,  even  for  an  expert  eurer,  to 
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the  production  of  a  fine  quality  of  leaf,  for  the  dealers,  working  with 
large  quantities,  are  able  to  keep  up  more  uniform  conditions  and  to 
handle  better  the  different  grades,  sizes,  and  colors  desired  by  tlie 
manufacturers. 

The  tobacco  when  received  in  the  warehouse  is  roughly  graded  iuto 
wrappers  and  fillers.  All  low  grade  tobacco  and  leaf  not  suitable  for 
wrapi)ing  cigars  is  sweated  as  filler  leaf,  although  later  some  wrapiH?r 
leaves  may  be  sorted  out.  On  the  other  hand,  all  of  the  best  grade  is 
sweated  as  wrappers,  although  iiom  this  also  some  filler  leaves  are 
taken  in  the  final  selection. 

The  present  market  demands  require  light-colored  wrappers  and 
medium  or  dark  colored  fillers.  The  fermentation  always  tends  to 
darken  the  leaf,  especially  if  much  water  is  present  in  the  leaf  or  if  a 
high  temperature  develops  in  the  fermenting  bulk.  Should  dark  wrap- 
pers come  into  general  demand  there  would  be  little  or  no  necessity 
for  making  the  first  assortment  into  wrappers  and  fillers,  as  is  now 
done,  but  all  the  leaves  could  be  fermented  in  the  same  bulk. 

In  the  effort  to  obtain  light-colored  wrappers  the  tendency  is  to  rather 
undersweat  the  leaf,  leaving  it  green  and  bitter.  Such  tobacco  is 
always  cause  of  complaint  on  the  p.\rt  of  the  manufacturer  and  smoker. 
If,  however,  the  leaves  are  thoroughly  sweated,  the  color  is  apt  to  be 
dark,  and  for  that  reason  undesirable.  There  is  a  mistaken  impression 
that  light-colored  wrappers  indicate  a  mild  smoking  cigar.  To  a  cer- 
tain extent  this  is  true,  because  strong,  heavy  leaves  can  never  produce 
a  light-colored  wrapper;  if  the  light  wrappers  had  been  completely 
fermented  they  would  darken  somewhat,  but  they  would  lose  uiaeh  of 
the  bitter,  harsh  taste  and  uufinished  character  which  is  often  so  objec- 
tionable in  the  light  colored  cigars.  The  present  effort  is  to  coni])ro- 
nnse  on  these  lines  and  produce  a  wrapi^eras  light  as  possible,  without 
too  great  a  sacrifice  of  fiavor. 

Wiiere  the  leaf  is  subjected  to  a  very  mild  sweat  in  the  bulk  to  keep 
the  color  light,  it  is  well  to  let  it  staud  some  time  in  the  bulk  or  bale  to 
age.    This  is  especially  necessary  with  filler  leaf. 

THE   MOISTI  RE   CONTENT   OF  FBRMENTINa   TOBACCO. 

The  main  process  of  fermentation  of  Florida  tobacco  has  been  already 
described  in  the  extract  from  Farmers' Bulletin  No.  60;  but  there  were 
two  features  which  we  especially  studied  as  matters  of  detail,  namely, 
the  moisture  content  of  the  tobacco  and  the  temperature  attained  in 
the  fermenting  pile. 

The  tobacco  received  directly  from  the  curing  shed  contains  always 
a  certain  amount  of  moisture,  dei)cnding  upon  the  type  of  tobacco,  the 
quality  of  the  leaf,  and  the  weather  conditions  to  which  it  has  been 
immediately  exposed.  Tobacco  can  only  be  handled  when  it  is  in  a 
moist,  pliable  condition,  and  when  it  comes  into  this  proper  ''case"  or 
**()nler"  the  leaves,  alter  being  tied  into  *'  hands,''  are  bulked  dowu  in 
the  barn  until  a  convenient  time  for  the  fiMinentation. 
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The  dealers  attach  much  importance  to  the  proper  conditioning  of  the 
tobacco,  by  natanil  means  where  i)ossible,  before  it  is  put  in  the  fer- 
menting pile.  It  is  an  oix^u  question,  however,  as  to  whether  there  is 
ever  enough  moisture  naturally  present  in  the  leaf  to  complete  the  fer- 
mentatioii  as  it  should  be  done.  It  is  nearly  always  found  necessary  to 
add  water  during  the  process  of  fermentation ;  if  so,  it  must  be  very 
carefully  done,  and  should  be  avoided  if  possible. 

Our  investigations  showed  that  the  Florida  leaf,  to  be  in  good  case 
for  starting  the  fermentation,  should  contain  from  23  to  24  per  cent  of 
water.  Several  piles  were  examined  where  the  water  content  was 
about  20  x)er  cent,  and, in  almost  every  case  it  was  found  that  tobacco 
having  no  more  moisture  than  this  was  too  dry  to  ferment  and  even 
too  thy  to  handle  safely.  On  the  other  hand,  when  the  tobacco  has  26 
per  cent  of  water  it  is  too  wet  and  is  liable  to  rot  in  the  fermenting 
pile.  Several  cases  were  noted  where  this  occurred  under  these  con- 
ditions. 

Dr.  Loew's  iuve^tigations  explain  why  it  is  necessary  to  have  just  the 
right  amount  of  moisture  in  the  curing  and  fermentation.  He  found 
that  the  fermentation  of  the  Florida  leaf  which  he  examined  is  not  due 
to  bacteria.  The  claim  of  Suchsland  that  the  davor  and  aroma  of 
fiuished  cigar  leaf  tobacico  is  due  to  the  action  of  certain  bacteria  is 
shown  by  Dr.  Lioew  to  be  entirely  inadmissible.  He  found  no  bacteria 
upon  the  fermenting  Florida  leaf  except  a  few  spores,  which  would 
germinate  under  favorable  conditions.  Ho  found,  on  the  contrary,  that 
the  fermenting  leaf  was  antiseptic  toward  putrefaction  bacteria,  and 
that  a  small  portion  of  fresh  beef  which  had  been  contaminated  with 
bacteria,  when  wrapped  in  the  fermenting  tobacco  leaf,  kept  sweet  and 
fresh  for  many  days  after  a  similar  piece  of  inoculated  meat,  left  exposed 
to  the  air,  or  wrapped  in  fresh  tobacco  leaf  had  become  rotten  and 
putrid. 

Dr.  Loew  shows,  furthermore,  that  from  the  conditions  of  the  fer- 
mentation it  is  impossible  to  conceive  of  nutritive  matters  being  sup- 
plied from  the  inside  of  the  cell  ibr  the  support  of  bacteria  on  the 
oatside  of  the  leaf,  and  he  shows  also  that  where  an  excess  of  moisture 
is  present,  so  that  this  nutritive  solution  is  brought  out  on  to  the 
exterior  part  of  the  leaf  and  conditions  favorable  to  bacterial  growth 
are  provided,  that  the  cell  walls  are  broken  down  and  the  texture  of 
the  leaf  is  entirely  destroyed.  It  appears,  therefore,  from  his  investi- 
gations that  bacterial  fermentation  plays  no  important  part  in  the 
development  of  the  fine  flavor  and  aroma  of  the  finished  leaf. 

His  investigations  show  that  both  the  curing  and  fermentation  of 
tobacro  are  caused  mainly  by  an  oxidizing  enzym,  or  rather  by  two 
different  enyzyms,  one  of  which,  the  most  active,  he  calls  oxidwfe  and 
ih^oiher  peroxidase.  The  oxidizing  enzyms  belong  to  a  class  of  bodies 
whose  importance  in  the  role  of  plant  life  and  in  the  physiolog.cal 
changes  in  plant  cells  has  only  recently  been  recognized.  They  are 
related  to  what  were  formerly  called  the  soluble  ferments,  represented 
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by  diastase,  which  is  the  active  ageut  in  the  malt  fermentation.  A  clear 
conception  of  the  office  of  these  euzyuis  can  possibly  be  obtained  from 
the  somewhat  analogous  case  of  purely  mineral  compounds.  Wood 
oxidizes  much  more  rapidly  around  a  rusty  nail  than  on  mere  exposure 
to  the  weather.  The  wood  actually  disappears  from  around  the  uail, 
leaving  a  hole  of  considerable  size.  There  is  a  slow  oxidation  of  woo<l 
wherever  it  is  exposed  to  the  weather,  as  seen  in  the  gradual  oxidation 
and  disappearance  of  boards  and  logs.  In  the  case  of  the  rusty  nail, 
however,  the  oxidation  is  much  faster  than  in  the  free  air;  for  the  wood 
is  able  to  take  up  oxygen  in  the  presence  of  iron  oxide  much  easier  than 
it  can  take  on  the  free  oxygen  of  the  air. 

It  is  supposed  that  this  is  the  case  also  with  the  oxidizing  enzyms. 
They  simply  act  as  agents  for  supplying  oxygen  to  the  substance  of  the 
leaf,  and  in  this  process  they  may  or  may  not  suffer  any  sort  of  destruc- 
tion or  impairment  in  themselves. 

To  show  the  extraordinary  power  and  vitality  of  these' agents  it  may 
be  said  that  one  part  of  diastase  will  convert  two  thousand  parts  of 
starch  into  sugar. 

The  enzyms  are  a  part  of  the  protoplasm  of  the  plant  cell,  having  a 
highly  complex  molecular  arrangement,  upon  which  depends  the  life 
and  activities  of  the  enzym.  Of  the  two  oxidizing  enzyms  found  by 
I)r.  Loew  in  the  Florida  tobacco  the  most  active,  that  is  the  oxidase,  is 
destroyed  at  a  temperature  of  152^  F.  (66°  C).  At  this  temperature 
the  substance  is  changed  into  the  ordinary  form  of  protein.  On  the 
other  hand,  the  peroxidase  is  destroyed  at  a  temperature  of  190^  F. 
(880  C). 

As  a  rule,  the  formation  of  these  enzyms  is  increased  when  a  leaf  is 
slowly  starving  to  death,  either  through  lack  of  nourishment  or  through 
lack  of  water  supply,  as  when  the  plant  is  cut  and  hung  up  in  the  barn. 
When  the  plant  is  hung  up  for  the  barn  cure,  and  the  leaf  dries  out 
very  slowly,  as  it  should,  the  enzyms  probably  increase  in  the  fir^t 
stage  of  starvation,  although  this  has  not  been  definitely  determined. 

In  the  early  stage  of  curing  the  enzyms  may  push  out  from  the  pro- 
toplasm in  order  to  collect  food  material  for  the  starving  cell.  In  this 
way  the  enzyms  become  well  distributed  in  the  cell,  and  are  after- 
wards capable  of  oxidizing  the  cell  contents  in  the  fermentation  pile. 
On  the  other  hand,  if  the  leaf  is  quickly  killed  by  sudden  drying  in  a 
warm,  dry  wind,  the  enzyms  have  no  opportunity  of  developing  or  of 
moving  out  from  the  protoplasm.  They  are  liable  to  be  entangled  in 
the  insoluble  protein  in  this  latter  case,  and  afterwards  the  leaf  on 
being  moistened  is  no  longer  able  to  go  through  the  fermentation  prop- 
erly, as  the  enzyms  can  not  be  dissolved.  This  is  the  reason  why  it  is 
necessary  to  i)rolong  the  life  of  the  leaf  in  the  curing  shed  and  allow 
the  curing  to  proceed  gradually.  The  loss  of  water  must  be  gradual  to 
insure  a  slow  starvation  of  the  leaf. 

The  leaf  must  thus  be  kept  moist  for  a  considerable  time  after  it  is 
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cut  aad  wbile  the  caring  is  slowly  progressing  to  promote  tbese  impor- 
tant chemical  and  physiological  changes  which  iire  necessary  for  the 
proper  development  of  the  flavor  and  aroma  during  the  curing  and  the 
after-fermentation  period.  If  the  leaf  is  too  moist,  however — that  is, 
if  there  is  any  water  allowed  to  stand  on  the  leaf,  as  in  very  foggy, 
damp,  weather,  or  in  a  forced  curing  where  there  is  insufficient  ventila- 
tion to  carry  oft*  the  moisture  and  to  prevent  condensation  on  the  sur- 
faceof  the  leaf,  the  cell  contents  may  actually  be  dissolved  and  brought 
out  on  the  exterior  surface  of  the  leaf  and  serve  in  this  diluted  state 
as  a  nutrient  solution  for  the  growth  of  bacteria  and  various  forms  of 
fungi,  which  may  entirely  destroy  the  structure  of  the  leaf.  Hence 
the  presence  of  too  much  water  is  the  cause  of  various  destructive 
diseases,  such  as  pole  rot,  case  mold,  and  the  various  other  troubles 
which  are  liable  to  develop  in  the  curing  shed  and  in  the  case  or  bulk 
fermentation. 

The  rational  mode  of  preventing  these  troubles  is  thus  made  clearly 
apparent.  The  cnring  must  go  on  slowly,  but  there  must  be  no  actual 
standing  water  on  the  leaf  to  dissolve  out  the  nutrient  substances  ot 
the  cell  and  permit  of  bacterial  and  fungous  development. 

We  see  clearly  now,  also,  the  importance  of  the  proper  moisture  con- 
dition of  the  tobacco  in  the  fermentation  pile.  The  leaf  must  have 
sufficient  moistare  of  imbibition  to  insure  the  solution  of  the  enzyms, 
and  water  should  not  be  allowed  to  stand  for  any  length  of  time  on  the 
surface  of  the  leaf,  nor  should  there  be  an  excess  of  water  in  the  leaf 
which  would  bring  the  nutrient  matters  outside  the  cell  to  support 
bacterial  or  fungous  growth,  otherwise  the  same  troubles  will  occur  as 
in  the  curing  process,  and  the  leaf  will  be  liable  to  be  injured  or  entirely 
destroyed. 

The  significance  of  the  figures  given  for  the  moisture  content  of  the 
Florida  tobacco  becomes,  therefore,  very  great,  namely,  that  there  must 
be  at  least  20  per  cent  of  water  present  in  order  to  bring  the  enzyms 
iuto  proper  condition,  and  in  order  also  that  the  leaf  shall  be  pliable 
80  as  not  to  be  injured  in  the  handling.  An  amount  of  water  equal  to 
ahout  23  or  24  per  cent  seems  to  be  the  most  favorable  amount,  but  26 
per  cent  was  an  excess  and  favored  bacterial  and  fungous  changes 
which  injured  the  leaf  to  a  certain  extent. 

The  heavy  filler  leaf,  which  it  is  intended  to  put  through  a  hard  fer- 
mentation, is  given  all  the  water  it  can  possibly  stand,  while  the  light 
wrapi>er8  are  given  just  as  little  as  will  possibly  insure  a  slow  fermen- 
tation. 

If  the  tobacco  when  ready  to  be  bulked  down  Is  not  in  proper  case, 
or  order,  it  must  be  wet  artificially  in  order  to  bring  the  water  content 
up  to  the  desired  amount.  There  are  several  ways  of  applying  tiiis 
water.  With  the  commoner  kinds  of  tobacco  the  butts  are  dipped  into 
a  pail  of  water  or  of  petuning  liquid  and  vigorously  shaken  in  order  to 
draw  the  water  njp  into  the  leaves  by  centrifugal  motion.    This  is  the 
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quickest  aud  cheapest  way  of  wettiug  the  leaf,  but  it  can  not  be  recom- 
mended for  general  use  with  tobacco  of  good  quality,  as  it  is  apt  to 
spot  tlie  leaf  and  rot  the  stem. 

There  are  various  forms  of  syringes  and  blow  cans  with  which  water, 
or  the  petuning  fluid,  is  delivered  in  a  fine  spray  on  the  tobacco  as  the 
"hands"  are  vigorously  shaken.  In  some  warehouses  a  room  is  fitted 
u])  for  the  purpose  of  getting  the  tobacco  into  proper  condition. 
Steam  jets  and  water  jets,  throwing  a  very  fine  spray,  are  arranged 
around  the  room  and  the  tobacco  is  shaken  in  these  sprays  until  in  the 
proper  condition  for  bulking.  Lastly,  steam  itself  is  used  as  being 
one  of  the  quickest  and  best  ways  of  bringing  the  tobacco  into  pro|)er 
condition.  Jets  of  steam  are  allowed  io  blow  out  into  the  warehouse 
to  keep  the  air  extremely  humid  and  the  tobacco  is  simply  turned  over 
occasionally  in  this  moist  atmosphere. 

Some  dealers  insist  that  it  is  necessary  to  add  water  to  the  leaves  in 
all  cases,  but  this  is  clearly  not  necessary  in  the  case  of  wrappers. 
Wrapper  leaves  sweated  with  the  least  possible  amount  of  water  and 
the  lowest  temperature,  in  which  the  fermentation  is  slow  aud  long 
continued,  are  in  the  greatest  demand  at  present  by  the  manufacturers 
and  bring  the  best  prices. 

TEMPERATURE    CHANGES    IN    THE    FERMENTING    FLORIDA   TOBACCO. 

The  bulks  are  built  up  for  fermentation  by  laying  the  tobacco  down 
evenly  with  the  leaves  well  straightened  out  and  with  the  butts  toward 
the  outside  of  the  pil.e.  Usually  headboards  are  used  to  keep  the  pile 
straight,  or  the  pile  may  be  built  against  the  wall.  If  the  floor  is  of 
cement  it  is  well  to  have  raised  platforms  under  each  pile,  especially 
where  artificial  heat  is  used,  in  order  to  secure  a  free  circulation  of 
warm  air  around  the  bulk.  A  layer  of  heavy  paper  is  usually  put 
upon  the  lloor  or  upon  the  x>latform  and  the  tobacco  piled  on  this.  As 
the  fermentation  proceeds  very  slowly  on  the  bottom  it  is  usual  to  put 
some  previously  fermented  and  moistened  leaf  immediately  at  the  bot- 
tom of  the  pile.  This  may  be  trash  and  old  stuff  which  has  no  com- 
mercial value.  The  bulks  are  of  various  sizes  according  to  the  amount 
of  tobacco  aud  the  dimensions  of  the  building,  but  they  usually  aver- 
age about  5  feet  wide,  12  feet  long,  aud  from  6  to  8  feet  high. 

It  is  diflficult  to  ferment  properly  a  small  quantity  of  leaf,  and  this 
operation  should  not  be  attempted  with  less  than  1,000  pounds  of 
tobacco.  In  building  up  the  bulk  any  excessive  pressure  should  be 
avoided  in  the  first  stages  of  curing,  the  *'  hands"  are  laid  on  from  the 
outside  and  simply  pressed  firmly  together.  The  pile  naturally  sinks 
somewhat  as  it  stands,  and  more  tobacco  can  "be  put  on  top  within 
twenty-four  hours  if  it  is  considered  advisable.  After  the  bulk  is  com- 
pleted it  is  well  to  cover  it  with  blankets  or  burlaps  in  order  to  protect 
^he  tobacco  from  drying  out.    This  is  more  convenient  and  neater  than 
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where  old  tobacco  is  thrown  over  the  top  and  sides,  as  is  frequently 
done. 

The  temperature  of  the  room  should  be  maintained  uniformly  at 
firom  70O  F.  (21o  C.)  to  80^  F.  (27°  0.)  during  the  active  fermentation, 
and  should  be  dropped  to  from  60°  F.  (16o  C.)  to  70©  F.  (21o  O.)  for  the 
so-called  ''cold  fermentation/'  when  the  tobacco  is  simply  waiting  to 
be  sorted.  The  relative  humidity  of  the  room  during  the  fermentation 
should  be  maintained  at  80  or  90  x>er  cent,  although  it  may  occasionally 
run  up  to  100  per  cent. 

With  these  conditions  maintained  in  the  room  and  with  the  proper 
amount  of  moisture  in  the  tobacco,  namely,  about  23  or  24  per  cent, 
the  temperature  in  the  middle  of  the  pile  should  at  once  begin  to  rise 
at  the  rate  of  from  8^  F.  to  10^  F.  per  day.  In  the  case  of  filler  leaf 
the  temperature  is  allowed  to  run  up  to  130o  F.  (55°  C.)  or  140^  F. 
(60^  C),  which  should  be  attained  in  from  four  to  six  days  after  the 
bulk  is  put  up.  It  seems  probable  that  140^  F.  (60^  C.)  is  rather  too 
high  and  that  from  130°  F.  (55©  C.)  to  135o  F.  (57o  C.)  is  the  proper 
maximum  to  be  allowed  for  ordinary  crops.  When  this  temperature  is 
reached,  the  pile  is  immediately  turned  or  rebuilt,  transferring  that 
which  is  at  the  top  to  the  bottom  of  the  new  pile.  The  temperature 
of  the  bulk  should  immediately  begin  to  rise  again  and  should  attain 
about  the  same  or  even  a  higher  temperature,  but  the  rate  will  be 
slower,  so  that  the  second  turning  will  not  be  necessary  for  from  six 
to  ten  days  from  the  time  the  bulk  is  turned.  The  bulk  is  usually 
turned  from  six  to  eight  times  before  the  fermentation  is  complete,  and 
each  time  it  is  tamed  the  leaves  are  shaken  out  so  that  they  shall  not 
mat  together. 

The  rate  per  day  at  which  the  temperature  rises  is  determined  by  the 
amount  of  moisture  in  the  tobacco.  In  some  piles  examined  the  tem- 
perature rose  14°  F.,  or  even  18°  F.,  per  day,  but  this  was  considered 
too  fast,  and  the  tobacco  was  found  to  contain  27  per  cent  of  water. 
It  would  have  been  injured  had  it  not  been  that  the  leaf  had  extraordi- 
narily good  body. 

The  wrapx>er  leaves  are  put  into  the  bulk  in  a  drier  condition;  the 
temperature  does  not  rise  quite  so  rapidly — probably  from  6°  F.  to  8° 
F.  per  day — and  it  is  not  allowed  to  go  higher  than  from  110°  F.  (43^ 
C.)  to  120°  F.  (49°  C).  No  definite  figures  can  be  given  for  this  wrap- 
per fermentation,  as  we  were  unable  to  secure  records  from  a  wrapper 
bulk  in  the  first  stages  of  fermentation.  The  wrappers  are  usually  fer- 
mented first,  and  when  these  investigations  were  undertaken  the  main 
part  of  the  wrapper  crop  at  Quiney  had  already  been  fermented,  and  the 
filler  crop  was  being  handled.  The  wrapper  leaf  was  at  that  time  in  bulk, 
going  through  what  is  called  the  ^'cold  sweat, "  or  the  after  fermenta- 
tion, in  which  the  temperature  rises  slowly  and  gradually  to  about  10° 
F.  above  the  room  temperature,  and  then  very  gradually  cools  olf,  and 
DO  further  action  occurs.    The  bulk  is  held  in  this  condition,  moder- 
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ately  dry  and  eool,  antil  it  is  assorted  and  graded  into  different  lengths 
and  shades,  after  wliich  it  is  immediately  baled. 

The  accompanyiug  table  gives  the  record  of  the  air  temperature  and 
the  relative  humidity  in  one  of  the  fermeating  rooms  iu  which  the 
investigations  were  carried  oa.  A  chart  is  also  given,  showing  a  dia- 
grammatic representation  of  the  same  data. 
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Sunday,  November  27,  was  an  exceptionally  cold  day  for  that  locality, 
and  the  temperature  of  the  warehouse  got  down  to  50°  F.  (10°  C),  It 
appears  from  our  observations  and  from  the  statements  made  by  the 
warehousemen  that  the  temperature  of  the  room  should  range  between 
70°  F.  (210  C)  and  80^  F.  (liTo  0.)  to  provide  the  most  favorable  condi- 
tions for  the  fermentation.  Where  the  room  temperature  went  inucb 
below  70^  F.  (210  q_)  the  progress  of  the  fermentation  was  evidently 
checked.  The  temperature  and  lelative  Immidity  of  the  rooms  were 
taken  with  a  sling  psychrometer  loaned  by  the  Weather  Bureau. 
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rhe  temperatare  records  of  the  inside  of  the  tobacco  piles  were  taken 
with  au  electrical  thermometer,  which  will  be  described  in  a  subsequent 
bulletin  of  the  Division  of  Soils.  With  this  instrument  a  small  coil  of 
very  fine  iron  wire,  properly  insulated,  is  inclosed  in  a  lead  pipe,  the 
outer  end  of  which  projects  beyond  the  bulk,  the  coil  being  well  within 
it  Two  wires  lea<l  up  to  the  measuring  instrument,  which  is  carried 
from  bulk  to  bulk  and  attached  to  the  wires  each  time  the  temperature 
observations  are  to  be  taken.  This  gives  a  very  convenient  and  accu- 
rate means  of  determining  the  temperature  of  the  inside  of  the  bulk 
without  disturbing  the  tobacco  in  any  way,  as  would  have  to  be  done 
in  the  use  of  ordinary  thermometers.  With  a  single  measuring  instru- 
ment any  number  of  these  temperature  coils  could  be  observed  in  dif- 
ferent bulks  and  in  different  houses  not  too  far  apart.  One  of  the  best 
reeords  that  was  obtained  in  Florida  was  from  a  bulk  of  mixed  wrappers 
and  fillers  which  was  fermented  as  filler  leaf  in  one  of  the  warehouses 
in  Quincy. 

The  following  table  gives  the  temperature  records  of  this  bulk.    On 

December  1  when  the  coil  was  put  in  the  temperature  was  74°  F. 

(23^  C.) ;  on  December  7  the  temperature  was  136o  F.  (58o  C).    This  is 

a  rise  of  about  10^  F.  x>^r  day.    The  bulk  was  then  turned  and  the 

teiiiperature  fell  to  77°  F.  (25<^  C),  and  the  record  was  continued  until 

December  14,  when  the  temperature  was  125*3  p,  (52©  c,)  and  was  still 

going  up.    The  bulk  was  not  to  be  disturbed  until  the  temperature  had 

risen  to  about  the  same  temperature  as  formerly,  or  about  135°  F. 

(57.*^  C),  when  it  was  to  be  turned  over  again  and  the  fermentation 

allowed  to  proceed.    During  this  second  period  the  rise  of  temperature 

was  about  7°  F.  per  day.    In  the  third  period  the  rise  of  temperature 

would  have  been  still  slower.    These  records  are  illustrated  graphically 

in  fig.  2.    This  fermentation  appeared  to  be  normal  and  satisfactory 

for  the  grade  of  tobacco  that  was  being  handled. 

Ttmpcrature  of  a  fermenting  pile  of  mixed  wrappers  and  fillers  of  average  quality  Florida- 

grown  Cuban  tobacco. 
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a  Hulk  torn  down  and  rebuilt. 
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Florldk-gTOH'D  Cuban  leal 

The  foliowing  table  gives  a  reconl  from,  auother  pile  of  the  same 
bibacco  in  the  aame  warehouse  through  the  first  rise  in  temperature. 
The  temperature  on  December  7,  when  the  pile  was  first  built  up,  was 
68°  F.  (2«o  C),  and  on  December  14  it  was  1370  P.  (58°  C),  when  the 
pile  was  torn  down  and  rebuilt.  The  temperature  rise  here  was  at  the 
rate  of  about  9°  F.  per  day.  These  figures  are  illustrated  in  chart  3. 
December  11  was  a  very  cokl  day,  and  the  warehouse  was  uot  properly 
provided  with  heating  pipes,  the  temperature  of  the  room  being  down 
to  50°  F.  (10°  O.j.  It  can  be  seen  from  the  records  that  this  materially 
checked  the  progress  of  the  fermentation. 
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The  following  record  is  ^m  a  filler  balk  which  has  this  history:  It 
had  been  throagh  the  regular  process  of  fermentation,  the  temperature 
had  risen,  and  the  bulk  had  been  turned  over  a  number  of  times  until 
it  was  nearly  finished.  The  fermentation,  however,  was  not  quite 
finished,  and  yet  the  tobacco  had  dried  out  so  far  that  it  could  not 
proceed.  The  tobacco  was  therefore  moistened  and  bulked  down,  and 
the  following  temperature  records  were  obtained : 

Temperaiure  of  lagt  stage  of  fermentation  of  filler  tobacco  after  being  wMietened, 
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grees F.). 

128.0 
126.0 
126.0 
127.0 
127.0 
123.0 
121.0 
121.0 
ll&O 
118.0 
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Fia.  4. — I^ut  riae  In  temperature  in  filler-bulk.     Tobacco  had  been  moistened  before  bulking. 

The  temperature  on  November  30  was  76°  F.  (25^  0.).  On  Decem- 
ber 5  it  reached  its  maximum  of  127^  F.  (53^  0.),  having  risen  about 
lOo  F.  i)er  day.  From  this  point  the  temperature  began  to  fall  slowly, 
the  fermentation  was  complete,  and  from  this  time  the  bulk  was  left 
undisturbed  until  it  was  needed  for  sorting  and  packing.  This  period 
therefore  represents  the  final  sweat,  except  in  this,  that  the  tobacco  had 
been  moistened  and  that  the  rise  of  temperature  was  more  rapid  in  this 
last  period  than  it  would  have  been  had  the  tobacco  not  been  moistened. 

The  following  record  is  from  a  filler  bulk  that  was  too  wet  when  it 
was  bulked  down,  the  tobacco  containing  about  27  per  cent  of  moisture. 
In  two  days  the  temperature  rose  from  85°  F.  (30^  0.)  to  122°  F.  (50o  0.), 
or  at  the  rate  of  over  18o  F.  per  day.  The  cold  weather  of  Sunday, 
December  4,  checked  this  rapid  rise.  On  Monday  the  bulk  was  torn 
down,  the  leaves  shaken  and  driedout  a  little,  and  repiled.  In  five  days 
the  temperature  rose  from  90o  F.  (32^  0.)  to  145o  F.  (63o  C),  or  at  the  rate 
of  a  little  over  10<^  F.  per  day.  The  bulk  was  then  turned,  when  the 
rise  in  temperature  was  much  slower,  being  only  about  5^  F.  per  day. 
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This  was  the  last  sweat  given  this  tobacco,  as  it  was  finally  torn  down 
and  sorted  on  December  16,  or  two  days  after  our  record  ceased. 

Temperature  of  fermenting  pile  of  filler  tobacco  which  ira«  too  wet  to  etart  with. 


Date. 


Dec.l 
2 

3 
5 

0 

7 


Tempera- 

Time. 

ture  (de- 

grees F.). 

4  p.m. 

1 
85.0 

0».m. 

100.0 

12  m. 

114.5 

5  p.m. 

118.0 

8a.m. 

121.0 

12  m. 

122.0 

7  a.m. 

ain.o 

1p.m. 

90.0 

4  p.m. 

86.0 

8  a.m. 

111.0 

1  p.m. 

116.0 

6  a.m. 

129.0  > 

12  ro. 

123.0 

4  p.m. 

125.0  ' 

Date. 


Deo.  8. 

0. 

10. 
12. 


13. 
14. 


Tempen- 

Time. 

'  tiire(4e- 

greeaF.^ 

8  a.m. 

ISOL* 

12  m. 

1S.6 

4  p.m. 

1S6L5 

6  a.m. 

140.0 

12  m. 

141.6 

5  p.m. 

14S.0 

8  a.m. 

•  145l6 

12  m. 

81. « 

7  a.m. 

87.6 

12  m. 

87.5 

5  p.m. 

«&• 

6  a.m. 

«L0 

5  p.m. 

97.6 

7  a.m. 

160.0 

a  Bulk  rebuilt. 
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Fio.  5.— Temperature  changee  in  fermenting  pile  of  filler  tobacco  which  contained  too  mnch 

the  beginning. 


( 

y 

1 

J 

1 

/ 

/ 

1 

^^^^ 

« 

- 

/ 

- 

- 

H    • 

-     • 

v 

"n 

1^ 

-'. 

* 

• 

1 

1 

- 

/ 

1 

\ 

/ 

- 

1  • 

• 

» 

■ 

* 

/ 

1 

/ 

1 
1 

m 

• 

• 

t 

» 

tz 

• 

I  , 

f 

1 

_i 

/ 

- 

1 

/- 

^ 

'/ 

1 
1 

/ 

/ 

' 

1 

u 

'"'^^^ 

water  at 


The  tobacco  was  a  very  strong,  rather  heavy  leaf,  so  that  the  excess 
of  moisture  (27  per  cent)  and  the  very  rapid  rise  of  temperature  at  the 
start,  which  was  checked  by  cold  weather  and  by  turning  the  bulk,  did 
not  injure  the  leaf,  as  it  would  have  done  if  the  leaf  had  been  of  a  finer 
grade  and  texture.  This  record  shows  the  whole  operation  of  the  fer- 
mentation of  this  particular  lot  of  tobacco,  but  it  does  not  represent 
the  most  intelligent  or  the  most  careful  method  of  fermentation  as 
practiced  in  Florida. 

As  already  stated,  the  best  grades  of  wrapper  leaf  had  been  carried 
through  the  principal  fermentation  before  these  investigations  had 
been  taken  up  at  Quincy.  The  best  we  could  do  was  to  secure  records 
from  some  of  the  mixed  bulks  of  wrappers  and  fillers. 

Becords  were,  however,  obtained  of  temperature  changes  in  two 
bulks  of  a  very  fine  grade  of  wrapper  leaf,  which  had  been  carefully  fer- 
mented and  which  had  just  been  bulked  down  as  dry  as  possible  to 
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age  in  the  balk  rather  tbaii  in  the  bale.    The  following  table  gives  the 
records  from  these  two  bulks: 


Agimg  of  ikejinett  qualitg  of  FUnida-^rowii  Sumtfiru  wrappers.     Tobacco  will  he  left  here 

until  it  i$  sorted. 


Date. 

Time. 

Tempera- 

tare  (de-  J 

greeeF.).| 

61.0 
63.5 
65.0 
67.0 
67.0 
67.5 
67.5 
68.0  , 
60.0  1 
60.0 
70.0 
71.0 
71.0 
72.0 
74.0 
74.0 
75.0 
78.0 
80.0 
82.0  ' 
82.0 
84.0 
84.0 
84.0 
82.0  1 
81.5 
81.0 
81.5  1 
81.0 
80.0  1 
80.0  1 
81.0 
82.0 
8L5  1 
80.0 
70.0  1 
77.5 
77.0 
77.0  ; 
1 

Date. 

< 

Time. 

Tempera- 
ture (de- 
gntf  F.). 

KoT.  28 

11a.m. 
1p.m. 

5  p.m. 

7  a.m. 
11a.m. 

6  p.m. 
6  a.m. 

12  m. 

6p.m. 

1  p.m. 

5p.m. 

6  a.m. 
12  m. 

5  p.m. 

6  a.m. 
12  m. 

4  p.m. 
iSm. 

6  a.m. 
12  m. 

4  p.m. 

8  a.m. 
1p.m. 
6  p.m. 

6  a.m. 
12  m. 

8a.m. 
12  m. 

5  p.m. 
6a.m. 

12  m. 
5  p.m. 
8a.m. 

4  p.m. 

7  a.m. 
12  m. 

5  p.m. 

6  a.m. 

7  a.m. 

1 
Nov,  30 

12  m. 
2pbm. 
6  p.m. 
1p.m. 

5  p.m. 

6  a.m. 
12  m. 

5  p.m. 
6a.  m. 

12  m. 
4  p.m. 
12  m. 

6  a.m. 
12  m. 

4  p.m. 
8  a.m. 
1p.m. 
6  p.m. 

6  a.m. 
12  m. 

5  p.m. 
8  a.m. 

12  m. 

5  p.  m. 

6a.m. 
12  m. 

5  p.m. 

8  a.m. 

4  p.m. 

7  a.m. 
12  m. 

5  p.m. 
6a.m. 
7  a.m. 

1 

66.6 

20 

Dec.     1 

66.5 
78.0 
76.5 

2 

76.5 
72.0 

ao 

3 

72.5 
72.0 
74.5 

Dee.     1 

4 

75.0 

2 

75.5 
78.5 

5 

81.0 

3 

6 

8S.5 
84.0 

85.0 

4 

7 

85.0 
86.5 

5 

88.5 

6 

8 

87.0 
86.5 
86.5 

7 

0 

87.0 
86.0 
85.0 

8 

10 

85.0 
87.0 

84.0 

12 

81.0 
82.5 

10 

13 

82.0 
82.0 

81.0 

14 

80.0 

12 

13 

14 

3S 

29 

30 

i 

2 

3 

4 

5 

6 
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12 

13 

14 
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?1B.  6.~Tempenitare  chaogea  in  two  bnlke  of  finest  qaality  Florida-grown  Sumatra  wrapi>er  leaf 

during  the  aging. 

It  will  be  seen  that  the  temperature  in  these  piles  rose  slowly  and 
very  gradually  until  the  middle  of  the  piles  was  about  10^  F.  hig^her 
than  the  room  temj)erature,  after  which  the  piles  seemed  to  cool  off 
gradually  until  they  attained  about  the  room  temperature.  At  this 
Btage  of  the  operation  the  tobacco  was  dry  for  handling,  containing 
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about  20  per  cent  of  moisture.  The  tobacco  was  held  in  these  pUes 
until  it  was  to  be  sorted  and  packed,  several  months  perhaps  after  the 
bulk  had  been  built  up. 

When  the  time  came  to  handle  this  leaf,  in  order  to  bring  it  into 
proper  '<  case,"  it  was  bulked  down  with  wet  fillers  and  allowed  to 


remain  for  two  or  three  days,  to  absorb  the  moisture  and  to  '^  draw,'^ 
the  term  is.  The  rise  in  temperature  was  very  marked.  The  stripper 
leaf  was  made  quite  wet,  in  order  that  it  should  impart  the  needful 
amount  of  moisture  to  the  wrappers. 


Temperature  changes  in  fermenting  vilee  of  Florida-grown  Sumatra  wrappeTf  bulked  wiA 
wet  etrippere,  to  bring  the  leaf  in  proper  caeefor  the  sorting  table. 


Bulk  A. 


Date. 


KoT.  28 
29 

30 
I>ec.    1 


Time. 

I^a.in. 

7  a.m. 

11  a.ni. 

7  a.  m. 

3p.ni. 

6  p.m. 

6  a.m. 

1 

Tempera- 
ture (de 
greesF.). 


56.0 
67.0 
68.0 
82.5 
92.0 
95  5 
115.0 


Bulk  B. 


Date. 


Nov.  26 
27 
28 

29 


Time. 


3  p.  m. 
9  a.m. 
8  a.m. 
1  p.m. 
7  a.m. 


|Teinp«rB- 

tore  (d« 

IgreeaF.i. 

U.i 
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Fio.  7 — Temperature  changes  in  two  piles  of  Florida-grown  Sumatra  wrapper  leaf,  bulked  with 

strippers,  to  bring  the  leaf  in  case  of  sorting. 

Dr.  Loew's  investigations  showed  that  in  the  Florida  tobacco  which 
had  been  carried  through  the  fermentation  the  oxidase  was  almost 
completely  used  up  and  the  amount  of  peroxidase  was  materially 
dirainisbed;  in  the  filler  leaf  which  had  been  through  the  bale  sweat 
and  had  properly  aged  and  mellowed  for  two  years  both  the  oxidase 
and  peroxidase  had  disappeared.  This  is  probably  a  very  important 
and  very  significant  observation,  as  showing  that  the  full  oxidizing 
power  of  the  leaf  had  been  used  up,  most  of  it  in  the  active  fermenta- 
tion and  the  remainder  in  the  aging  or  bale  sweat. 
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TEMPEBATX7BB    CHANGES    IN    FERMENTING    PILES  OF    CONNECTICUT 

TOBACCO. 

After  secaring  these  records  of  the  moistare  content  and  the  temper- 
atore  changes  in  the  fermenting  piles  of  Florida  tobacco,  Dr.  E.  H. 
Jenkins,  of  the  Connecticut  Experiment  Station,  secored  about  1,500 
poands  of  good  wrapper  leaf  from  the  Poqnonock  experiment  fields  to 
ferment  after  the  manner  practiced  in  Florida.  He  had  previously 
bulked  down  about  1,000  pounds  of  *^  seconds,"  and  had  reported  that 
the  highest  temperature  attained  by  the  bulk  was  about  102^  F.  (39^  C). 
With  the  information  in  regard  to  the  Florida  conditions,  however,  we 
attempted  to  force  the  sweat  of  the  '^seconds"  by  wetting  up  the 
tobacco  in  the  way  practiced  in  Florida.  The  ^^ seconds*'  had  dried  out 
somewhat  in  the  previous  fermentation  and  the  leaves  were  moistened 
with  fine  spray  and  shaken  out  well,  and  when  they  were  bulked  down 
they  contained  about  27  per  cent  of  water,  which  was  above  the  aver- 
age water  content  of  the  Florida  leaf.  The  wrappers  had  about  the 
same  amount  of  water  without  any  artificial  wetting  and  were  in  high 
case  for  fermentation,  according  to  the  Florida  standards. 

A  basement  room  was  fixed  up  with  steam  pipes  and  provision  made 
for  the  escape  of  steam  into  the  room.  It  was  found  quite  possible, 
even  in  the  coldest  weather,  to  maintain  a  temperature  of  at  least  80^  F. 
(27^  C.)  and  a  relative  humidity  of  at  least  80  per  cent.  For  nearly  three 
weeks  the  maximum  temperature  of  the  room  varied  between  79^  F. 
(2600.)  and  92^  F.  (33o  C),  and  the  minimum  temperature  between  76°  F. 
(250  C.)  and  88©  F.  (33o  0.).  The  relative  humidity  varied  between  72  i)er 
cent  and  100  per  cent,  and  was  on  the  average  about  80  per  cent.  The 
room  conditions  were  therefore  maintained  according  to  the  Florida 
standards. 

The  tobacco  was  put  into  two  good- sized  bulks,  the  1,500  pounds  of 
wrappers  in  one  bulk  and  the  1,000  pounds  of  '' seconds"  in  the  other. 
Some  old  tobacco  was  put  at  the  bottom  of  each  bulk  and  the  bulks 
were  covered  with  blankets,  which  were  kept  moist.  The  wrapper  leaves 
were  bulked  down  on  January  13,  and  the  temperature  of  the  middle 
of  the  pQe  was  65o  F.  (18°  C).  On  January  18  the  bulk  had  a  tem- 
perature  of  91°  F.  (33°  C),  indicating  a  rise  of  about  5o  F.  per  day, 
and  as  the  room  temperature  on  the  18th  was  on  the  average  about  87^ 
F.  (310  G.)  and  had  been  held  so  for  four  days,  the  temperature  of  the 
pile  was  hardly  more  than  4^  F.  above  the  temperature  of  the  room. 
As  the  temperature  of  the  bulk  was  going  up  so  slowly  the  bulk  was 
torn  down  and  rebuilt.  This  was  done  partly  to  examine  the  tobacco 
and  see  what  condition  it  was  in,  and  partly  to  see  if  the  exposure  to 
the  air  in  handling  the  tobacco  would  excite  a  more  rapid  fermentation. 
By  Jannary  22  the  temperature  of  the  pile  was  99^  F.  (32^  0.),  about 
110  F.  higher  than  the  mean  temperature  of  the  room.  The  average 
rise  of  temi)erature  for  the  four  days  was  but  3o  F.  per  day.  The  tem- 
perature remained  constant  thereafter,  and  in  fact  dropped  to  97o  F. 
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(36^  C),  when  on  January  27  the  balk  was  again  torn  down  in  order  to 
8ee  what  the  effect  would  be.  The  temperature  again  rose  very  grada- 
ally,  until  on  February  3  it  was  90°  F.  (32°  C),  or  about  8^  F.  higbw 
than  the  mean  temperature  of  the  room.  The  rise  in  temperature  for 
this  third  period  of  the  fermentation  was  about  1^  F.  i)er  day. 

The  work  with  the  pile  of  ''seconds"  gave  the  same  results.  Tbe 
temperature  rose  at  the  rate  of  about  4^  F.  per  day  until  a  temperature 
of  lOOo  F.  (380  C.)  was  attained,  after  which  it  gradually  fell,  and  od 
February  3  the  temperature  of  the  pile  was  85^  F.  (29°  C),  while  the 
mean  temperature  of  the  room  was  81°  F.  (27°  O.). 

These  results,  which  will  be  reported  in  more  detail  by  Dr.  Jenkins, 
were  surprising  and  somewhat  disappointing.  It  was  evidently  clearly 
impossible  to  force  the  fermentation  of  this  tobacco,  as  was  done  in  the 
Florida  leaf.  Under  exactly  the  same  conditions  the  Florida  tobacco 
would  have  increased  in  temperature  at  the  rate  of  about  lO^  F.  per 
day  up  to  at  least  130°  F,  (55°  O.),  when  it  would  have  been  necessaiy 
to  turn  over  the  pile  in  order  to  check  the  fermentation.  The  tempera- 
ture of  the  Connecticut  tobacco  could  not  be  forced  up  beyond  100^  F. 
(380  0.)  or  102O  p.  (390  o.),  when  it  would  gradually  subside.  After 
opening  up  the  pile  and  allowing  the  leaves  to  come  into  contact  with 
the  air  it  would  heat  up  again  more  slowly  than  before  and  to  a  lower 
maximum  temperature. 

The  process  of  fermentation  seemed  to  be  normal  so  far  as  it  went 
There  was  the  same  evolution  of  ammonia  as  in  the  Florida  leaf  sDd 
much  pungent  matter  characteristic  of  the  Connecticut  seed  leaf  was 
thrown  off,  but  it  did  not  seem  as  though  the  oxidizing  power  of  the 
leaf  was  sufficient  to  drive  off  all  of  this  class  of  substances  which  it  is 
desirable  to  expel  from  the  Connecticut  leaf  in  order  to  get  rid  of  the 
peculiar  "seed  flavor,"  which  is  so  marked  a  feature  of  the  Couuecticat 
tobacco. 

The  whole  matter  was  then  referred  to  Dr.  Loew.  It  will  be  remem- 
bered that  Dr.  Loew  found  in  the  Florida  leaf  that  there  were  two 
kinds  of  oxidizing  enzyms.  The  most  active  of  these  he  called  the 
oxidase.  This  is  an  exceedingly  active  oxidizing  agent  but  it  is  easily 
destroyed,  that  is,  converted  into  ordinary  protein.  It  is  destroyed  at 
a  temperature  of  about  152^  F.  (66°  C.),  or  by  traces  of  various  sub- 
stances which  do  not  affect,  or  only  very  slightly  affect,  the  peroxidase, 
which  is  decidedly  weaker  in  its  oxidizing  power  but  which  is  much 
more  stable.  In  the  Florida  leaf  both  of  these  were  present  in  abuu- 
dance  in  the  cured  leaf  as  it  comes  from  the  barn.  Tbey  both  disappear 
to  a  marked  degree  on  sweating,  and  finally  they  are  not  found  at  all 
in  the  leaf  that  has  been  through  tbe  bale  sweat  and  has  aged  for  a 
couple  of  years. 

Tbe  barn-cured  leaf  from  Connecticut  contained  none  of  the  oxidase; 
that  is,  the  most  active  ferment.  It  did,  however,  contain  a  consider- 
able amount  of  peroxidase.    In  the  "seconds,''  which  had  been  once 
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fermented  and  afterwards  moistened  and  resweated,  there  was  none  of 
the  oxidase  and  only  a  trace  of  the  peroxidase,  so  that  this  oxidizing 
agent  was  evidently  used  np  in  the  coarse  of  the  fermentation.  Finally, 
in  a  sample  of  wrapper  from  the  crop  of  1897,  which  had  been  fermented 
by  the  nsnal  process  of  the  ^'  case  sweat,"  there  was  none  of  the  oxidase 
and  only  a  faint  trace,  practically  none  at  all,  of  the  i)eroxidase.  So  it 
seems  as  though  the  peroxidase  was  completely  destroyed  when  the 
fermentation  has  been  completed  and  the  tobacco  has  properly  aged. 

This  discovery  unquestionably  shows  the  reason  why  it  was  impos- 
sible to  force  the  fermentation  of  the  Connecticut  leaf  by  the  same 
methods  and  under  the  same  conditions  as  practiced  in  Florida. 

It  was  important  to  explain  this  phenomenal  difference  between  the 
Connecticnt  and  Florida  leat  Fortunately  Dr.  Jenkins  had  taken  up 
a  tobacco  root  during  the  previous  summer,  x)otted  it,  and  kept  it  in 
the  greenhouse  for  some  investigations  of  his  own.  This  plant  was 
tamed  over  to  Dr.  Loew,  and  he  found  quantities'of  the  oxidase  in  the 
leaves  and  stalk.  Evidently,  therefore,' the  green  Connecticut  plant 
has  the  same  oxidizing  enzyms  present  as  the  Florida  plant,  but  in 
some  way  between  the  time  the  plant  is  cut  in  the  field  and  the  time  it 
comes  out  of  the  curing  shed  the  active  ferment,  the  oxidase,  is  lost. 
It  may  be  owing  to  the  period  at  which  the  tobacco  is  cut,  the  condi- 
tions in  the  curing  shed,  or  some  deleterious  substance  present  in  the 
leaf  or  formed  in  the  slow  starvation  of  the  leaf  during  the  curing 
process.  The  thing  to  do,  evidently,  is  for  Dr.  Loew  to  carry  out  his 
present  plans  and  study  the  Connecticut  crop  in  the  field  and  watch  it 
through  its  various  stages  of  growth,  curing,  and  fermentation,  in  order 
to  see  where  this  oxidizing  enzym  is  lost  ^nd  to  suggest  changes  in 
the  method  of  cultivation,  harvesting,  or  curing  which  will  tend  to  pre- 
serve it  for  the  proper  fermentation  of  the  leaf.  Very  important  modi- 
fications of  the  existing  methods  of  cultivation  and  fermenting  the 
Connecticut  tobacco  appear  to  depend  upon  the  results  of  this  scientific 
investigation. 

THE  TEST  FOB  THE   OXIDIZING  ENZYMS. 

The  tests  for  the  oxidizing  enzyms  of  tobacco  are  so  simple,  and 
tie  fact  of  their  presence  or  absence  is  so  important  and  so  interesting 
that  the  methods  used  by  Dr.  Loew  are  described  here  for  the  benefit 
of  anyone  who  desires  to  make  the  test. 

The  reagents  used  are  guaiac  resin,  ordinary  alcohol,  and  peroxide  of 
hydrogen.  These  can  be  ordered  of  any  druggist.  One  gram  of  the 
gnaiac  resin,  or  a  piece  about  as  large  as  a  bean,  is  dissolved  in  about 
an  ounce  and  a  half  of  alcohol.  This  solution  does  not  keep  well.  The 
paiac  resin  itself  will  keep  for  any  length  of  time  when  undissolved  in 
the  alcohol. 

To  test  fur  the  oxidase,  take  a  piece  of  tobacco  leaf,  dry  it  at  not  over 
120°  F.,  and  pulverize  it  very  finely.    Then  mix  it  thoroughly  with  about 
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15  times  its  weight  of  cold  water,  mashing  the  leaves  so  as  to  extrac4i 
thoroughly  with  the  water.    This  should  stand  for  about  one  hour  for 
extraction  of  the  oxidase.    After  standing  for  this  length,  of  time 
solution  should  be  filtered  either  through  a  piece  of  filter  paper, 
blotting  paper,  or  very  fine  linen.    The  residue  remaining  on  the 
should  be  pressed  so  as  to  express  as  much  of  the  juice  as 
Half  of  this  tobacco  extract  should  be  put  into  a  small  glass,  sucli 
test  tube  or  a  wineglass,  and  five  or  ten  drops  of  the  alcoholic  soli 
of  guaiac  resin  should  be  poured  in  and  thoroughly  stirred.     If 
oxidase  is  present  an  intense  blue  color  will  appear  within  a  few 
utes;  if  it  is  not  present  no  change  in  color  will  occur.    If  the  solut 
turns  blue  only  after  ten  minutes  no  attention  should  be  paid  to  it, 
it  may  happen  even  if  no  oxidase  is  present.    If  at  the  end  of 
minutes  the  solution  has  not  turned  blue,  pour  in  a  few  drops  of  pei 
ide  of  hydrogen;  if  there  is  any  of  the  peroxidase  present  an  intei 
blue  color  will  immediately  appear. 

If  the  guaiac  tincture  gives  a  blue  color  within  a  short  time  with4 
the  addition  of  peroxide  of  hydrogen,  thus  indicating  the  presence 
oxidase,  the  second  portion  of  the  tobacco  extract  should  be  heated  b 
hot  water  until  it  has  attained  a  temperature  of  about  158^  F.  ( 70^  CL] 
for  a  minute  or  two.    This  will  destroy  the  oxidase.    The  tempei 
must  not  go  up  to  188o  F.  (87°  0.),  because  this  would  destroy  the 
oxidase  also.    After  the  solution  has  been  heated  to  58^  F.,  to  dest 
the  oxidase  if  present,  add,  after  cooling,  five  or  ten  drops  of  the 
tincture  and  then  a  few  drops  of  commercial  peroxide  of  hydrogeii|| 
when  an  intense  blue  color  will  indicate  the  presence  of  peroxidase  iaj 
the  sample  of  tobacco. 
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LETTER  OF  TRANSMITTAL 


PiNEHUKST  Plantation, 

iSummerriUej  8.  0.,  September  :/5, 1899, 

SiK :  1  have  the  honor  to  transmit  herewith,  in  accordance  with  your 

request,  a  report  on  tea  growing  at  this  place,  and  to  suggest  that  the 

facts  l>e  made  public  as  the  means  of  encouraging  others  to  take  part 

in  the  development  of  this  industry. 

Kespecttully, 

Charles  U.  Shepard, 

Special  Agent  in  Charge  Tea  Culture  Inrestigations, 

Hon.  James  Wilson,     ' 

Secretary  of  Agriculture.   , 
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TEA  CULTURE:  THE  EXPERIMENT  IN  SOUTH 

CAROLINA.' 


INTRODUCTION. 

The  problem  of  raising  tea  in  tbe  soatherii  part  of  the  United  States 
has  been  discussed  for  many  years.  As  early  as  1848  Dr.  Junius  Smith 
made  a  successful  planting  at  Green ville,  S.  C,  but  the  work  was  not 
continued  and  interest  in  tea  culture  abated.  In  1881  Congress  made 
an  appropriation  for  an  exx>eriment  in  tea  culture,  but  when  Mr.  William 
Saunders,  Horticulturist  and  Sui)erintendent  of  Gardens  and  Grounds 
of  the  Department  of  Agriculture,  made  an  examination  of  the  work 
done  under  it  he  found  that  owing  to  the  illness  of  the  exi)ert,  Mr. 
John  Jackson,  and  other  causes  the  money  had  been  injudiciously 
expended  and  reported  that  there  was  little  prospect  of  anything  of 
value  being  accomplished.  Thereupon  by  recommendation  of  Hon. 
George  B.  Loring,  Commissioner  of  Agriculture,  the  experiment  was 
dosed. 

In  lSd2  the  subject  was  taken  up  again  in  the  Annual  Keport  in  a 
report  by  the  writer  upon  the  operations  on  the  Pinehurst  estate  at 
Bommerville,  S.  C.  In  1897  a  second  report  upon  the  work  there  was 
made  by  Mr.  Saunders.  The  statement  now  published  continues  the 
presentation  of  the  results  obtained  on  the  Pinehurst  plantation. 

It  seems  probable  from  the  facts  so  far  gathered  that  the  cultivation 
of  tea  can  be  made  profitable  in  the  warmer  portions  of  the  United 
States  in  two  ways.  One  is  by  establishing  a  plantation  on  the  scale 
of  the  experiment  at  Summerville,  with  capital  sufficient  to  carry  the 
work  to  a  point  where  the  product  can  be  offered  on  equal  terms  with 
teas  holding  an  established  place  in  the  markets  of  the  United  States. 
The  other  is  to  grow  tea  for  home  use  in  the  farm  garden.  In  either 
case  tea  growing  can  be  undertaken  safely  only  where  the  temperature 
rarely  goes  lower  than  25°  F.  and  never  below  zero,  and  where  a  liberal 
supply  of  water  can  be  depended  upon.  There  is  probably  no  place  in 
the  United  States  where  the  rainfall  is  sufficient  for  the  best  results 
with  the  tea  plant,  and  irrigation  should  where  possible  be  provided  for 
in  growing  tea. 

The  experimentation  at  Summerville,  on  the  growth  and  manufacture 
of  tea,  began  about  ten  years  ago.  At  the  commencement  it  was  wisely 
on  a  small  scale,  but  has  been  gradually  increased  until  now  over  50 

'This  paper  brings  up  to  date  the  reports  on  the  growing  of  tea  by  Dr.  Charles  U. 
Sbepard  at  his  farm  "Pinehurst/'  Summeryille,  S.  C.  Previous  statements  of 
^«  progress  made  will  be  fonnd  in  the  Annual  Report  of  this  Department  for  1892, 
a&d  in  Girealar  No.  1,  Division  of  Gardens  and  Grounds,  this  Department. 
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acres  have  been  planted  in  tea.  When  tbe  plants  arrive  at  full  bearing, 
the  yield  should  be  at  least  10,000  pounds  of  high-grade  tea;  and  this 
should  suffice  for  the  object  in  view,  viz,  to  determine  whether  com- 
mercial tea  may  be  profitably  grown  under  the  local  conditions  of  soil, 
climate,  and  labor. 

It  was  desirable  to  conduct  the  experiments  with  as  many  varieties  of 
seed  and  under  as  difierent  conditions  of  soil  and  location  as  possible 
To  this  end,  by  the  kind  assistance  of  the  Department  of  Agricalture 
and  by  purchase  from  foreign  and  domestic  producers,  a  considerable 
variety  of  seed,  representing  many  of  the  choicest  sorts  of  tea^  was 
obtained.  Gardens  were  established  on  fiat  and  on  rolling  land,  in 
drained  swamps  and  ponds,  and  on  sandy,  clayey,  loamy,  and  rich 
bottiom  soils. 

The  problem  of  providing  labor  for  plucking  tea  leaf  has  been  solved 
so  far  as  a  steady  and  skillful  band  of  nimble-fingered  children  goes; 
but  its  price  is  inordinately  high  as  compared  with  the  Orient.  It  was 
indispensable  to  secure  a  reliable  corps  of  pickers.  To  meet  this  condi- 
tion there  was  built  a  comfortable  schoolhouse  and  a  competent  teacher 
engaged.  (Pl.YII,  fig.  2.)  The  colored  families  of  the  neighborhood 
were  then  invited  to  send  their  children  to  the  school  free  of  charge. 
They  would  be  taught  the  ordinary  branches,  and  also  would  be  taught 
to  pick  tea,  and  so  earn  money  to  buy  food  and  clothing.  The  offer  was 
accepted,  and  now  there  is  a  good  list  of  pupils  to  draw  from  as  pickers 
are  required. 

It  was  from  the  outset  expected  that  many  of  these  attempts  would 
prove  either  partially  or  wholly  unsuccessful.  But  being  thoroughly 
convinced  of  the  value  of  all  experimental  work  honestly  carried  out 
and  faithfully  reported,  the  writer  has  not  regretted  the  labor  and 
expense  incurred  in  these  operations,  especially  as  all  but  one  (an 
attempt  to  introduce  teas  of  too  tender  growth)  have  given  at  least 
some  return  and  are  steadily  growing  in  yield. 

GOOD  SHOWING  OF  DRAGON'S  POOL  TEA. 

The  South  Eraser  tea  garden  makes  a  remarkable  showing.  It  con- 
tains slightly  more  than  2  a^res  of  tea  bushes,  planted  at  4  by  4  feet 
distances.  The  bushes  were  raised  from  seed  procured  in  1892  through 
the  kindness  of  the  United  States  Agricultural  and  State  Departments 
and  John  Fowler,  esq..  United  States  consul  at  Ningpo,  China.  It  came 
from  a  celebrated  garden  near  Hangchow,  the  capital  of  the  Province 
of  Chekiang,  called  Loong  Tsin,  meaning  Dragon's  Pool.  Mr.  Fowler 
wrote  that  the  seed  was  of  the  "very  best''  sort  and  that  the  leaf  was 
always  made  into  green  tea.  Concerning  the  tea  he  also  stated:  '<It 
has  no  market  name,  for  the  reason  that  it  is  not  sold  outside  of  the 
place  of  growth.  It  can  not  be  bought  in  this  port  (Ningpo)  nor  at 
Shanghai.  It  is  sun  dried,  and  of  course  is  not  colored  artificially.  It 
is  not  exported;  it  is  too  dear.  It  costs  10  cents  per  ounce— $1.60  per 
pound — at  Hangchow.  Only  Chinese  can  afford  to  use  itj  it  is  too 
dear  for  Americans — i.  e.,  those  in  America." 
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JLs  shown  in  tbe  frontispiece,  this  garden  is  remarkably  thrifty.  The 
vacancies  amoant  to  about  4  per  cent  only,  and  visitors  practically 
acquainted  with  Oriental  gardens  have  expressed  themselves  as  sur- 
prised by  its  laxnriant  and  uniform  growth,  even  to  the  extent  of  stating 
tbat  it  equaled  anything  they  had  seen  in  the  East.  The  bashes  are 
thick,  of  comparatively  low  growth,  and  globular  form.  The  leaf  is 
generally  rather  small  and  quite  tender;  it  is  well  adapted  for  the  manu- 
teycture  of  either  green  or  black  tea,  although  the  weight  of  opinion 
among  tea  exx)erts  is  that  the  latter  product  is  the  better  of  the  two. 
The  garden  is  mostly  situated  on  a  knoll,  but  a  portion  extends  down 
into  low  moist  land.  The  ground  is  clay  loam,  with  a  stiff  clay  subsoil. 
It  has  been  heavily  enriched  every  spring  with  a  high-grade  fertilizer 
at  the  rate  recently  of  600  pounds  to  the  acre.  It  suffered  compara- 
tively little  from  the  February  freeze,  only  small  patches  requiring 
pmning  back  to  within  a  few  inches  of  the  ground. 

The  yield  of  (dry)  tea  has  been  as  follows: 

Pound*. 

1894 83.8 

1895 ,. 185.7 

1896 215.9 

1897 247.5 

1898 307.3 

1899  to  September  15 469.1 

There  is  every  prospect  that  the  crop  of  this  year  will  exceed  600 
pounds  by  the  end  of  the  season.  It  is  safe  to  add  that  there  are  few 
gardens  in  China  which  yield  a  crop  of  over  200  pounds  (dry)  tea  to 
the  acre.  It  remains  to  be  seen  to  what  extent  the  output  of  this 
garden  may  grow. 

SUCCESS  OF  THE  BOSE  TEA  GARDEN. 

The  constant  purpose  and  hope  were  to  find  from  all  of  the  data 
obtained  some  one  way,  readily  accessible  to  all,  by  the  employment  of 
one  or  more  sorts  of  seed  and  under  conditions  readily  communicable 
to  others,  whereby  tea  may  be  profitably  grown  and  manufactured  in 
this  section.  This  result  seemed  to  have  been  demonstrated  when  the 
following  report  of  the  Rose  tea  garden  was  published  last  fall  in  the 
News  and  Courier,  Charleston,  S.  C,  September  15, 1898: 

The  site  [of  the ''Rose  Garden '']  was  au  old  piiiey  woods  pond,  with  a  black, 
rich  (in  hamns)  but  soar  surface  soil,  overlying  quicksand  and,  yet  lower,  clay. 
The  ground  was  thoronghly.  subsoil  drained,  heavily  sweetened  with  burnt  marl 
and  deeply  plowed.  About  1,000  plants  of  acclimated  Assam-hybrid  tea  were  set 
out  at  6  by  6  feet,  "quincunx.''  Whether  from  the  slowness  experienced  in  over- 
coming the  original  acidity  of  the  soil  or  from  the  comparatively  feeble  growth  of 
the  Boedlings  during  the  first  few  years — in  this  respect  resembling  its  relative,  the 
camellia  Japonica — little  progress  was  made  from  1890,  the  date  of  the  establishment 
of  the  garden,  until  1894,  although  some  leaf  was  plucked  from  it  in  1892. 

Again,  the  system  of  pruning  practiced  at  the  start  of  the  experimentation, 
whereby  clean  stems  were  maintained,  had  to  be  abandoned  after  the  loss  of  many 
plants  and  a  degree  of  disappointment  which  almost  caused  the  cessation  of  further 
work  in  this  direction. 
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At  prMtnni  th«f  ffnrilnn  contains  alK»ni  800  rlgtpnmB 
tnnny  nUntin,  tim  riMnlt  of  ontting  oat  tbe  original 
Han inwU nr  gro w tb .   There  are  alto  about  200 
whure  oldur  otic }  <]ied;  they  naturally  prodnce  1 
l#fM  Minn  an  acre  may  be  fairly  regarded  ae  containing  tlie 
hi  ((oo<l  Iteftrin^, 

INCRRA8R  OF  PRODUCT. 


Tht*  otttptit  of  gr<ien  loaf  from  it  hae  been  m  follows:  Crop  **€ 
t'fop  iff  iHiKS,  Ml  fMMiiidMf  crop  of  lH9i,  151  ponnda;  crop  of  li§65,  S3 
of  IMfHl^  <KK)  ffoiinilN;  rrop  of  1807,  048  poands;  crop  of  1898, 1.0ri0poai4»to  S 
Ut^r  if  ¥f\ih  tlie  prfiNpoct  of  reaching  almost  1,200  pounds  by  tbe  ead  tvf  tbe 

It  In  to  lift  iiotml  that  there  lias  been  a  material inerease  each  year  orvr  tke 
UiUt  amotintlng  Ut  almost  if  not  quite  100  per  cent,  with  tbo  exeeptisB  «f  1^87.  wbi 
a  pfolotitfoil  aiitiniitial  dronght  materially  interfered  with  the  leaf  pgodarfiM 
\m,  ttt  <<oiiiNo,  hiipoMUiln  to  fortoll  to  what  limits  this  expaoaioo  may  extend  beii 
f-UfM^hlMU  that  NllKhfc  annual  variation  which  marks  the  matnrity  of  the  plant.  Bi 
It  would  fioi  bo  NurprlHlng  if  the  outturn  were  doubled  within  a  year  or  tw 
TwM|yi«  hiuiilnwl  and  sixty  pounds  of  green  leaf  will  afford  900 pounds  of  »tandi] 
I'InoliiirNt  \t\m\V  t<'a. 

Ofi  a  haAJA  Iff  IKK)  phiiiiN  In  the  "  liose  Garden/^  the  production  per  bnsh  is  5  oamc 
of  litii.  If  It  worn  II  full  iicro  the  yield  would  approximate  400  poands.  And  if  ti 
pJMittM  hail  Itonti  pliiond  at  Mhorter  diMtancos  apart,  as  is  the  practice  in  theOie 
itMfl  now  at  I'lnnhiimt,  thn  output  per  acre  should  be  materially  larger.  The  aTc 
n^u  yMirly  prodiintlon  per  bush  in  Japan  does  not  exceed  1  onnoe ;  in  China  it 
from  1  lo  U  oiiiieoNi  In  India  and  Coyloii  8  to  5  ounces.  In  the  last-named  conntri 
ttiMtit  aiM  (•Mliiti'N  wlileli  annuiilly  ]iroduco  over  1,000  pounds  of  tea  to  the  acre;  b 
tiMty  I'oiiNtltntM  Mm  rai'o  oxceptlonN.  Oriental  tea  gardens  usually  contain  abo 
j/,fHK)  phihts  to  tlin  fMMt\ 

Tills  Kratiryitig  prndiietlvenesMof  an  experimental  garden  of  almost  an  acre  afloi 
goofl  yiVii\\\u\  for  the  belief  that  commercial  tea  may  be  grown  in  Sonth  Carolina 
f|tMMiiity  i|iillM  eoinparabln  with  th»  average  yield  of  the  most  favorably  sitnal 
Oriental  eoiinlrloN,  Hut  the  "  Hose  Garden ''  is  not  to  be  regarded  as  an  exoeptioi 
f^Miilt^  hot-  of  (IMIttMilt  lniltation«  Two  larger  gardens,  also  formerly  piney-woc 
potids^  planted  with  Uarjeellng  Heodlings,  promise  successful  rivalry  within  a  f 
yeiirH,  anil  yet  nthetM  appear  to  lie  awakening  to  a  more  vigorous  product! veneas. 


COHT  OK    PR(»I)tJCnON. 


The  eimt  of  a  erop  of  lUH)  pounds  of  tea  from  the  ''  Rose  Garden/^  by  reason  of 
Ifteiilcr  pioiliti'tiveiieM,  U  mueh  less  than  that  from  Pinehurst  as  a  whole,  and  ; 
It  U  evident  that  very  tnaterliil  reductions  might  be  secured  were  its  area  even  o: 
ten  fold  eiiJarueil ;  iiinrh  more  no  did  it  contain  100  acres.  The  following  table  she 
the  iM'tiinl  cost  of  the  severiil  operations  in  the  growth,  picking,  and  curing  of 
ewip  of  iNiiN  In  the  "Rose  Garden,"  as  also  the  estimated  and  materially  reda< 
eHpetiMe  for  the  Maine  rattt  of  production  on  a  larger  ncale: 


ItoniN  of  COMt. 


Prim  Ins 

Mtinurliiff  ... 
(JidtivAtlen .. 
I«(mf  pickiiiff 
Fiirtery  work 

Total.. 


ActUAl 

coat  per 
pound. 


Cents. 
3 
8 

li 
14 
6 


27^ 


Possible 

reduced 

oost  per 

pound. 

Cents. 
3 
2 

1 
8 
3 

16 
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A  glADce  at  the  above  table  shows  that  the  chief  expense  is  that  of  gathering  the 
laf.  Experience  has  demonstrated  that  a  smart  lad  or  grown  girl  can  pick  from  a 
ood  "flush"  20  poandsof  g^een  leaf  in  ten  honrs,  or,  say,  enough  to  make  5  ponnds 
f  tea.  This  should  be  done  for  30  cents,  or  at  6  cents  per  pound.  The  supervision 
I  the  field  will  add  1  cent.  With  immature  plants  or  poor  '' flushes"  there  is  nec- 
narily  much  more  labor  to  be  spent,  and  consequently  more  time  in  securing  the 
ime  amount  of  leaf.  Again,  the  ''fineness''  of  the  jilucking  materially  influences 
B  cost.  The  picking  of  a  coarser  and  larger  leaf  or  two  from  each  shoot  greatly 
kcreases  the  yield  and  lessens  the  cost.  But  with  medium  leaf  picking,  and  in 
rathem  localities,  where  labor  is  cheap,  with  an  onttam  of  at  least  400  pounds  of 
HI  to  the  acre,  this  expense  should  not  exceed  8  cents  per  pound. 
There  remains  to  l>e  considered  the  cost  of  superintendence  and  the  fixed  charges 
nt  the  outlay  in  the  establishment  of  the  garden  and  its  maintenance  until  self- 
npporting.  As  to  the  former,  the  cost  will  largely  depend  on  the  size  of  the  crop ; 
D  a  production  of  100,000  pounds  per  annum  it  should  not  exceed  2  cents  per  pound 
f  tea.  The  expense  of  putting  the  land  in  suitable  conditicn  for  a  tea  garden 
hould  not  exceed  that  for  any  other  intensive  crop.  The  cost  of  raising  and  setting 
at  the  tea  seedlings  will  vary  from  $25  to  $50  per  acre,  according  to  whether  raised 
!om  domestic  or  foreign  seeds.  In  the  establishment  of  a  large  tea  estate  the  initial 
q[>enses  are  necessarily  heavy,  but  it  should  be  borne  in  mind  that  once  well  done 
;  is  practically  for  all  time.  The  best  Japanese  tea  is  said  to  be  gathered  from 
ashes  two  hundred  years  old. 

QUALITY  OF  THE  TKA. 

The  leaf  plucked  from  the  '*  Rose  Garden,''  as  indeed  from  the  whole  estate,  is 
ne,  i.  e.,  it  very  rarely  consists  of  more  than  the  Pekoe  tip  and  two  leaves,  and 
ben  only  to  the  first  Souchong.  Heretofore,  and  without  the  aid  of  a  protective 
.nty  it  has  been  x>osBible  to  sell  all  of  the  Pinehurst  (black)  tea  at  $1  per  pound  retail. 
t  remains  to  be  seen  whether  the  duty  will  be  repealed  now  that  hostilities  have 
eased,  or,  if  not,  what  effect  it  will  have  on  the  price  of  the  better  grades  of  tea. 
Vii  after  all  deductions— and  they  are  not  to  be  underrated — it  must  be  realized  that 
here  is  a  wide  margin  of  profit  between  the  cost  of  1  pound  of  "  Rose  Garden" 
ea  if  produced  on  a  large  scale,  say  25  cents,  and  the  wholesale  price  of  an  equally 
;ood  imported  tea,  say  50  cents.  A  profit  of  10  cents  per  pound  means  a  profit  of 
(40  per  acre  on  an  annual  production  of  400  pounds  of  tea,  and  higher  profits  per 
K>nnd,  with  increasing  yield  per  acre,  will  rapidly  swell  the  income. 

It  is  DOW  to  be  added  that  withoat  undue  endeavor  the  writer  sold 
bis  crop  of  1898,  about  3,000  pounds,  as  also  about  500  pounds  of  the 
crop  of  the  previous  year  (which  had  been  repurchased  to  maintain 
prices),  altogether  about  3,500  pounds,  at  a  profit  of  about  25  per 
Dent.  But  this  simple  statement  fails  to  convey  an  adequate  concep- 
tion of  the  achievement.  The  Pinehurst  black  tea  has  a  distinctly 
characteristic  flavor,  and,  like  some  of  the  choicer  Oriental  teas,  its 
liquor  has  more  strength  than  its  color  indicates.  These  qualities  render 
its  introduction  slow.  But  it  has  always  proved  a  difficult  matter  to 
change  the  taste  of  tea  consumers;  notably  so  in  the  introduction  of 
Ceylon  tea  into  Great  Britain,  the  mother  country  of  its  producers. 
Nevertheless  there  has  been  a  steadily  increasing  demand  for  Pine- 
hurst tea,  and  a  great  many  people  will  drink  no  other. 

SEVERE  TEST  OF  TEA  GARDEN  BT  GOLD   WEATHER. 

The  past  winter  has  fortunately  (for  the  sake  of  most  conclusively 
testing  the  feasibility  of  the  local  cultivation  of  tea)  subjected  the 
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gardens  to  an  extraordinary  ordeal,  viz,  the  greatest  cold  in  one  linn- 
dred  and  fifty  years — the  fall  of  the  thermometer  on  the  moming 
of  February  14  to  half  a  degree  below  zero,  F,  Happily  this  occurred 
when  the  ground  was  covered  to  the  depth  of  5  inches  with  snow. 
It  was  observed  that  those  plants  which  were  in  the  most  exposed 
situations  suffered  the  least,  having  been  brought  by  the  previous 
cold  weather  into  a  state  of  hibernation  which  enabled  them  to 
withstand  the  extreme  cold,  whereas  those  which  were  in  sheltered 
positions  or  in  the  most  luxuriant  growth  suffered  greatly  in  all  parts 
above  the  snow  level.  The  result  was,  that  it  was  found  necessary  to 
rigorously  prune  back  to  within  a  few  inches  of  the  ground  all  of  the 
bushes  in  the  most  productive  gardens,  which  are  generally  in  the 
drained  x)onds,  and  elsewhere  those  individual  plants  which  especially 
suffered  from  the  cold.  (The  accompanying  illustrations  (Pis.  I-I V)  are 
from  photographs  of  two  fields,  taken  last  autumn  and  in  April  of  this 
year,  and  exhibit  the  extreme  luxuriance  of  their  leaf  production  at  the 
former  time  and  the  enforced  severity  of  the  pruning  at  the  latter.  On 
May  1  every  clump  of  shorn  roots — for  onr  present  system  of  cultiva- 
tion aims  to  substitute  a  cluster  of  straight  vigorous  stems  for  the 
'  single  clean  trunk — was  more  or  less  covered  with  a  thrifty  outburst  of 
young  vegetation.  This  gave  promise  that  the  phenomenal  freeze  of 
1899  would  have  no  further  ill  effect  than  that  which  follows  the  cus- 
tomary low  pruning  every  five  or  more  years  in  India  and  Ceylon,  which 
necessarily  reduces  production  during  the  following  few  months,  or, 
perhaps,  entire  season.  Plate  V,  made  from  a  photograph  taken  of  the 
Eose  tea  garden  in  July  of  the  present  year,  shows  that  our  expecta- 
tions have  been  more  than  realized,  as  the  plants  are  fully  two-thirds 
as  large  as  they  were  at  the  same  time  last  year. 

The  anticipation  that  the  phenomenal  cold  of  last  winter  would  not 
materially  diminish  the  tea  crop  of  1899  is  being  substantiated.  A 
comparison  of  the  yield  of  dry  tea  for  the  two  seasons  shows  the  effect 
of  the  previous  severe  winter  in  the  diminished  production  of  leaf  in 
the  early  part  of  the  plucking  season,  as  also  a  gradually  increasiog 
yield  thereafter  until  by  the  end  of  August  the  total  crop  exceeded 
that  of  the  previous  season  by  about  23  per  cent. 

Tea  crop,  aeasona  of  1S98  and  1899, 


For  the  months  of—  1898.  18»9. 


I  Pounds.      PoundM. 

April I  74.6          None. 

May !  472.9    '        445.1 

June 

July 

August 623.8 


I 


428.  2  581. 2 

671.7  868.3 

900  5 


2,271.2         2,795  1 


The  percentage  of  (jipparently)  seriously  injured  plants  is  small; 
that  of  killed  outright  yet  less.    At  present  the  outlook  for  1899  is 
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or  a  crop  of  over  3,000  ]>oaucls.  The  Bose  aud  Lincoln  tea  gardens, 
rhicb  after  the  February  freeze  were  pruned  almost  to  the  ground, 
lave  sufficiently  recovered  to  afford  small  plnckings,  Jadicionsly  made, 
ritli  the  promise  of  abundant  later  flushes.  The  bnshes  in  the  Rose 
(arden  might  be  better  termed  ^^ clumps,"  so  luxuriant  is  the  outburst 
f  shoots.  They  average  almost  30  inches  in  height  and  36  inches  in 
liameter,  and  at  a  recent  plucking  (August  18)  afforded  22  pounds  of 
dry)  tea.'  There  has  not  appeared  any  diminution  in  the  strength  of 
he  finished  tea. 

CUBING  AND  QUALITY  OF  6BEEN  TEA. 

Considerable  green  tea  ha«  been  made  this  season  and  it  has  found 
I  fair  sale.  Designed  to  imitate  the  better  class  of  teas  made  in  tlie 
[)rient  and  practically  unknown  here,  it  was  not  expected  to  find  a 
ready  market  at  the  comparatively  high  price  necessitated  by  its  hav- 
ing to  be  manufactured  wholly  by  hand.  Plate  VI,  figure  1,  shows  the 
two  processes  of  roasting  the  fresh  leaf  in  an  iron  pot  with  a  very  thick 
bottom  and  hand  rolling  on  a  table,  which  are  the  main  points  in  the 
manufacture  of  green  tea.  As  yet  no  mechanical  substitute  for  these 
combined  operations  has  been  invented.  The  rolled  and  partially  dried 
leaf  is  afterwards  fully  dried  under  constant  stirring  and  at  a  decreas- 
tng  temperature.  Thas  far  the  mechanical  apparatus  erected  at  Pine- 
hurst  for  making  green  tea  in  vacuo  has  failed  to  produce  the  desired 
results,  but  it  is  hoped  that  later  experiments  may  demonstrate  some 
advantage  from  this  process. 

YuuDg  and  tender  leaf  from  several  sorts  of  tea  plants  was  used  in 
the  manufacture  of  green  tea.  The  best  results  have  been  obtained 
from  Formosa  leaf,  but  Japanese,  some  Chinese  (notably  that  obtained 
from  the  celebrated  <<  Dragon's  Pool"  tea  estate),  and  Kangra  varieties 
have  yielded  satisfactorily.  The  bushes  of  these  sorts  are  smaller  and 
Hie  yield  less  than  is  the  case  with  the  Ceylon  and  Indian.  The  leaf 
is  also  smaller  and  thicker  and  apparently  less  quick  to  oxidize,  conse- 
inently  better  adapted  for  the  manufacture  of  green  tea. 

The  green  color  of  the  infusion  of  Pinehnrst  green  tea  has  attracted 
keen  interest  in  the  trade  and  among  consumers.  Oriental  teas  can 
hardly  furnish  the  like  in  this  country.  The  length  of  the  transporta- 
tion induces  a  change  of  color  in  their  liquor  from  greenish  to  yellowish 
red.  It  is  well  to  urge  upon  most  tea  drinkers  that  the  raspiness, 
vhich  many  conceive  to  be  the  strength  and  value  of  a  tea,  is  chiefly 
due  to  tannic  acid  and  similar  substances,  which  are  deleterious  rather 
than  nerve  strengthening.  A  tea  may  be  rich  in  this  last  property, 
and  yet  neither  exhibit  much  color  nor  provoke  throat  irritation  nor 
act  injnriously  upon  the  stomach. 

BTJIL-DINaS  AND  MACHINBEY. 

A  ¥eU-eqaJpi)6d  two-story  factory  with  a  daily  capacity  of  50  x)ounds 
^fdiT  black  tea  bas  been  built.    It  has  over  2,000  square  feet  now 
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available  for  withering  tbe  leaf,  with  the  possibility  of  almost  doabling 
that  surlace.  A  tea-rolliog  machine  which  does  work  equal  to  that ' 
doue  by  ir>  or  20  Dien  at  hand  rolling,  and  two  Lot  air  drying  macbinet 
fully  ade<iuate  for  all  the  needs  of  the  place,  form  part  of  the  eqaipmenl. 
There  is  also  tlie  beginuiug  of  a  green-tea  factory  with  8i>eciully  designed 
uiachinery  for  rolling  and  drying  leiif  in  vacuo,  i.  e.,  in  a  chamber  from 
which  the  air  has  been  pumped  in  order  to  prevent  oxidization.  Plale3 
VII  and  VIII  show  several  steps  iu  the  mauufacturo  of  black  tea.  Id 
the  farther  room  to  the  right  in  figure  1  of  Plate  VII  may  be  seen  men 
laden  with  Swiss  trout  baskets,  which  they  have  borne  to  tbe  factory 
from  the  tea  gardens  where  the  children  have  filled  them  with  tea  )eaC 
This  is  not  allowed  to  remain  any  great  length  of  time  in  the  gardens 


for  fear  lest  fennentaiioD  may  ensue.     When  brought  to  the  factory  i 
is  carefully  inspected  uiid  weighed. 

It  is  taken  upstairs  to  tbe  withering  lofts  shown  iu  tbe  illustration  < 
tbe  upper  story  (PI.  VIII).  Every  pound  of  made  (black)  lea  represenl 
over  40  sqaare  feet  of  withering  spa<:e.  The  usual  output  of  the  factoi 
in  tlie  busy  season  is  about  50  pounds  of  dry  tea  per  diem.  There  i 
need  therefore  for  a  great  deal  of  floor  room.  This  is  supplemented  b 
traveling  tniys  of  cloth,  abowu  iu  tbe  illustration.  They  are  loaded  o 
the  door;  boiste«l  to  top  of  room;  transferred  to  the  running  gear,  t 
whieL  means  they  may  be  exposed  to  tbe  hot  air  ascending  tliroQs 
the  pit  from  the  tea  driers  below,  or  shoved  where  it  is  cooler.      Xhl 
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may  be  damped  where  convenieDt  wben  tbe  tea  bas  l>eea  sufflciently 
witbered. 

The  tea  leaf  is  tbeu  taken  to  tbe  Tolling  room  on  the  lower  story 
(fig.  1),  where  it  is  rolled  by  machiuery.  A  "Little  Giant"  rolling 
machine  (fig.  2)  is  shown  in  tbe  farther  room  of  the  lower  ntory.  After 
being  rolled,  the  "roll"  is  brought  info  tbe  room  ebown  in  tbe  fore- 


Fia.  S.— "UtUc  OUot "  IM  roUlng  maoblne. 

groand  of  the  illustration  of  tbe  lower  story;  it  is  broken  up,  bad  leaf 
lemoved,  and  then  spread  on  clean  cloths  on  trays,  which  are  exposed 
fi>r  oxidation  to  tbe  action  of  the  air  in  the  frames  shown  on  tbe  left. 
When  snfiQciently  oxidized,  tbe  leaf  is  "fired"  in  driers  which  are 
located  in  tbe  middle  room  (fig.  3),  The  finished  tea  ia  then  weighed 
and  boxed  for  ahipment  (fig.  4), 
4134_Ho.  fll 2 


'  The  frnit  eTaporatorB  made  by  the  American  Mannfoctaring  Gompanj 
have  been  most  satis&otorily  used  at  Pinehorst  in  dtying  tea.  ^te 
moiat  tea  is  exposed  to  tlie  Iiigliest  temperature  on  the  npper  slides,  aod 


FlO  S -Drying  mwhloH  for    Brig    with  Hot  ftlr  Ibe  nilk-d  4Bd  o    diiedlKf 

as  it  dnes  oat  it  is  gradnally  lowered  to  a  cooler  temperatnre,  where  it 
does  not  come  in  contact  with  escaping  vapors — a  great  advantage. 


(Irlera  JD  l^rther  loom. 
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DIFFICULTIES  IN  STARTING  THE  INDUSTRY. 

Among  the  several  difficulties  which  confront  the  establishment  of 
this  new  industry  in  the  Southern  States,  the  following  are  the  most 
important: 

DKMAND  FOR  GREEN  TEA. 

(1)  There  is  probably  a  greater  demand  in  the  United  States  for 
green  than  black  ten^  At  present  a  large  amount  of  sophisticated 
green  tea  is  consumed  in  this  country.  As  it  i8  chiefly  made  of  infe- 
rior leaf,  highly  colored  with  Prussian  blue,  and  faced  with  i>owdered 
Boapstone,  etc.,  so  as  to  hide  all  natural  defects,  it  can  not  be  regarded 
as  either  nutritious  or  healthful.  But  the  nature  of  the  demand  indi- 
cates a  decided  preference  for  the  taste  and  qualities  of  green,  i.  e.,  not 
oxidized,  teas,  and  should  stimulate  us  to  supply  in  its  stead  a  pure 
wholesome  article  of  the  same  type.  Unfortunately  green  teas  can  as 
yet  be  made  by  hand  only;  they  represent  cheap  Oriental  labor,  and  in 
the  lower  and  medium  grades  competition  by  American  manufacture  is 
well-nigh  impossible.  Black  teas  can  be  made  by  machinery  in  almost 
every  step  after  the  delivery  of  the  leaf  in  the  factory. 


COST  OF  LABOR. 

(2)  The  cost  of  production  of  teas  in  this  country  is  high,  owing  to 
the  comparative  deamess  of  labor.  This  must  be  met  by  a  greater 
productiveness  in  the  field;  by  the  substitution  of  machinery  for  hand 
labor  in  the  factory,  and  by  the  manufacture  of  varieties  of  teas  which 
from  inherent  cnemical  causes  can  not  be  brought  from  the  Orient. 

As  to  a  greater  productiveness,  one  essential  factor  demands  atten- 
tion, viz,  an  abundance  of  the  richest  plant  food,  either  natural  or  arti- 
ficial. At  Pinehurst  the  cost  of  enrichment  by  commercial  manures 
amounts  to  4l^  cent«  per  pound  of  the  dry  tea  from  the  older  fields* 
The  amount  of  production  of  tea  and  cost  of  artificial  manuring  are  as 
foUows: 

Production,  co9l,  etc.,  of  tea  growing  at  Pinehurst, 
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*  The  fiertillxer  m^d  contained  5  per  cent  available  phospborio  acid,  5  per  cent  potash,  and  5  per 
t  ammonia  (chiefly  fitnn  dried  fish  and  red  blood). 

*  A.  H-  refers  to  Assam-hybrid,  mostly  thoroughly  acclimated  ten,  a  cross  of  the  Assam  and  Chi- 
aorts ;  and  largely  Introdooed  into  tbis  country  in  the  fifties. 
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As  stated  in  tbe  preceding  table,  based  ai>on  the  operations  of  last 
aatumn,  the  item  of  artificial  manuring  can  be  broaght  down  to  aboat 
2  cents  per  pound  of  dry  tea  produced  in  a  crop  of  over  300  pounds  to 
the  acre.  By  a  suitable  location  on  naturally  very  fertile  lands  the 
expenditure  for  manuring  may  be  obviated,  at  least  for  some  years,  and 
a  consequent  saving  of  several  cents  per  pound  effected  in  the  cost  of 
production. 

A  greater  productiveness  per  plant  and  per  acre  must  lessen  the  cost 
of  each  pound  of  made  tea,  as  it  will  reduce  the  distance  to  be  traversed 
in  picking  the  leaf.  Incidentally  it  will  permit  for  the  same  extent  of 
gardens  a  reduction  in  the  factory  expenses,  on  the  general  principle 
that  the  greater  the  output  the  less  the  cost  of  the  unit. 


IRRIGATION. 

Again,  it  will  probably  be  possible  to  materially  increase  the  prodac- 
tiveness  of  the  tea  gardens  by  irrigation.  A  comparison  of  the  summer 
and  annual  rainfalls  at  Charleston  with  those  of  a  number  of  promi- 
nent Oriental  tea-growing  districts  shows  that  the  latter  receive  not 
only  a  very  much  larger  annual  rainfall,  but  that  the  proportion  which 
falls  in  the  tea-growing  period,  from  May  to  September,  inclusive,  is 
decidedly  greater. 

Comparison  of  rainfall  at  Charleston,  8.  C,  with  rainfall  in  India  and  China. 
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MAKING  NEW  GARDENS. 


The  work  of  establishing  additional  tea  gardens  for  purely  experimcn 
t  al  purposes  has  progressed  favorably.  Under  the  auspices  and  with  th* 
X^ccuuiary  assistance  of  the  U.  S.  Department  of  Agriculture  the  land 
have  been  cleaned  of  the  dense  forest  growth  which  originally  covers 
them  (PI.  IX),  thoroughly  grubbed,  and  more  or  less  leveled ;  treated  wit! 
burnt  marl  at  the  rate  of  1  ton  to  the  acre  to  remove  any  sourness,  an 
the  x)reliminary  steps  taken  toward  supplying  irrigation  and  subso 
drainage.  The  land  has  yet  to  be  deeply  plowed,  and  on  the  advent  < 
the  rainy  season  supplied  with  tea  seedlings,  of  which  there  are  man 
thousands  in  the  nurseries.    See  Plate  VI,  figure  2. 

This  undertaking  is,  from  the  immediate  surrounding  condition] 
necessarily  exi)ensive;  but  considering  the  otherwise  favorable  circan 
stances  and  the  prime  iini)ortance  of  the  experiment,  the  results  shoul 
amply  repay  the  cost.    In  this  section  of  the  Southern  States  there  ai 
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imtless  acres  of  rich  lauds,  susceptible  of  irrigation,  now  only  par* 
Jly  cultivated,  which  may  be  utilized  for  this  new  industry  if  the 
itial  experiment  proves  satisfactory.  And  the  recent  evidence  before 
le  Industrial  Commission  reveals  for  many  x)arts  of  the  South  a 
icuniary  remuneration  of  labor  on  the  farm  not  so  much  above  that  of 
le  Oriental  laborer  as  was  formerly  believed. 

The  Pinehurst  experience  is  that  moist,  well-drained,  level  laud  is  the 
»t  for  tea.  How  much  increase  in  the  crop  can  be  obtained  by  arti- 
sial  irrigation  remains  to  be  seen;  as  also  how  much  water  it  is  desir- 
>le  to  apply.  M.  Martin  states  (Annales  Agronomiques  XIII)  that 
ich  plant  requires  about  13  gallons  of  water  per  week  in  the  dry 
lason.  If  planted  at  5  feet  distances,  a  garden  of  an  acre  would  thus 
quire  22,737  gallons  weekly,  or  about  four- fifths  of  an  inch  of  water; 
id  subsoil  drainage  is  indispensable,  even  without  any  artificial 
Idition  to  the  water  supply. 

MOST   PROFITABLE   FIELD. 

The  best  Oriental  teas  are  said  to  be  only  slightly  "fired,"  i.  e.,  they 
"e  dried  at  low  temperatures,  to  preserve  those  volatile  principles 
hich  give  them  fragrance  and  delicacy  of  flavor.  They  will  not  bear 
yBtaut  transportation,  if  for  no  other  reason,  because  they  do  not  keep 
leir  best  qualities  for  a  long  period.  They  are  readily  worth  from  $5 
»  $50  per  pound  in  Japan  and  China,  whereas  the  great  bulk  of  the 
as  which  we  import  from  those  countries  costs  less  than  15  cents  per 
Dund  at  the  port  of  shipment. 

Twenty  dollars  a  pound  for  tea  means  a  dime  or  less  for  a  cup  of 
le  beverage;  but  that  price,  strange  as  it  sounds  in  this  country, 
mid  not  prove  a  barrier  to  the  introduction  of  cj  grade  of  tea  which 
ould  otherwise  not  be  obtainable.  Herein  lies  a  most  profitable,  if 
mited,  field  for  experimentation,  because  there  can  be  no  competition 
om  afar. 

And  it  may  be  suggested  that  perhaps  the  best  avenues  for  success 
e  in  the  development  of  selection  of  long  Pekoe  tips  for  the  manufac- 
ire  of  Mandarin  tea,  such  as  is  made  in  China;  and  in  the  shielding 
f  the  tender  leaf  from  the  direct  rays  of  the  sun,  as  is  done  with  mats 
1  Japan. 

A  PLEA  FOB  AMERICAN  TEA. 

The  following  article,  prepared  by  the  author  for  the  Florida  Times- 
Jnion,  and  published  by  that  paper  in  1897,  treats  of  tea  at  length,  and 
I;  has  been  thought  advisable  to  reproduce  it  in  full  in  this  report: 

Commercial  tea  is  made  from  the  leaves  of  the  camellia  thea.  Formerly,  when  it 
ras  erroneoasly  suppoeed  that  black  and  green  teas  were  necesaarily  made  from  dif- 
ereot  plants,  it  was  attempted  to  distinguish  scientitically  between  the  varieties 
laed  in  the  production  of  each ;  for,  although  either  sort  may  be  made  from  the 
•me  leafy  experience  will  show  that  each  variety  of  the  tea  plant  is  better  adapted 
'or  the  mannfactare  of  the  one  or  the  other. 
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Practicallj  it  is  desirable  to  separate  as  distinct  yarieties  the  two  most  diveigert 
types— viz,  the  Assamese  and  the  Chiuese^from  the  many  inteimediate  aorts  whkh 
have  resulted  from  their  hybridization  or  are  the  result  of  climatic  and  other  influx 
ences  upon  them. 

It  is  claimed  that  the  original  tea  plant  is  indigenous  to  Assam,  a  proYinoe  is 
northeastern  British  India.  There  in  the  Jungles  of  the  Brahmapootra  River,  lai 
hot,  steaming  atmosphere,  where  frost  is  unknown,  shaded  by  lofty  anbtrc^esl 
forests,  were  fonnd  tea  trees  attaining  a  height  of  26  or  more  feet,  clothed  with  laige^ 
lustrous,  bright-green  leaves,  measuring  9  inches  in  length  and  4  in  width.  Itii 
believed  by  many  that  all  cultivated  tea  owes  its  origin  to  this  source,  and  thit 
when  its  utility  to  man  was  recognized  it  was  thenoe  carried  to  the  north  and  east, 
even  to  the  remote  and  chilly  northern  islands  of  Japan. 

The  result  of  this  climatic  change  was  to  stunt  the  plant  and  shrink  the  foliage  to 
the  small,  dull-colored,  lancet-shaped  leaves  characteristic  of  the  variety  generallj 
(but  with  some  injustice)  called  Chinese. 

Thus  the  tea  plant,  although  originally  from  a  subtropical  climate,  can  endure 
very  considerable  cold,  even  brief  periods  of  ice  and  snow,  but  at  ths  expense  of  its 
size  and,  as  we  shall  see,  utility.  The  converse  is  also  true — that  varietiea  whieh 
have  su£fered  from  cold,  neglect,  and  insufficient  nourishment  readily  respond  to 
more  favorable  conditions.  The  Pinehurst  experiments  have  amply  demonstrated 
this  fact. 

FAVORABLE    CONDITIONS. 

It  is  generally  held  that  certain  natural  conditions  of  climate  and  command  of 
cheap  labor  are  Indispensable  for  the  success  of  tea  culture.  Among  the  former  ai« 
a  uniformly  warm  but  not  excessively  hot  temperature,  one  quite  free  from  frostii 
and  an  abundant  rainfall,  its  copiousness  being  directly  proportional  to  the  inten- 
sity of  the  heat;  and  as  hand  labor  plays  an  important  part  in  the  tea  industry, 
necessarily  so  in  the  plucking  of  the  leaf,  the  cost  of  labor  demands  careful  atten- 
tion. To  which  supposed  essentials  may  be  added  the  necessity  of  a  deep,  rich, 
thoroughly  drained  soil,  since  the  tea  plant  requires  the  most  abundant  sustenanoa 

It  will  be  at  once  suggested  that  a  great  and  apparently  insuperable  dispariij 
exists  in  most  of  these  prerequisites  between  the  Oriental  tea  countries  and  the 
Southern  United  States.  It  is  true  that  almost  all  of  the  latter  country  is  liable  to 
frost  and  certainly  by  far  the  greater  part  to  occasional  ice;  that  the  average  rain- 
fall is  only  half  of  that  in  India,  and  that  the  price  of  labor  is  several  times  greater. 
Nevertheless,  there  are,  as  we  think,  substantial  reasons  why  tea  should  be  exten- 
sively cultivated  in  this  country. 

MAY   BE  CULTIVATED  IN  THE   SOUTH. 

It  is  not  necessary  that  the  annual  rainfall  should  exceed  60  inches  where  the 
average  temperatui-e  is  less  than  70^  F.,  especially  if  the  greater  part  of  the  yearly 
precipitation  occurs  in  the  growing  season.  This  is  true  of  Japan,  China,  tbe 
higher  altitudes  of  Ceylon,  and  some  districts  of  India,  where  altogether  the  greater 
part  of  the  world's  tea  is  produced.  And  by  a  proper  treatment  of  the  soil,  by 
underdrainage,  subsoil  plowing,  and  deep  pulverization,  a  gain  of  moisture  eqaivar 
lent  to  a  fall  of  10  to  15  inches  of  rain  is  secured.  This  effect  is  enhanced  by  plant- 
ing cowpeas  between  the  tea  bushes,  whose  roots  penetrate  the  soil  and  dying  not 
only  leave  valuable  food  for  the  tea,  but  render  the  earth  much  more  porous  and 
capable  of  retaining  moisture  during  seasons  of  drought. 

Frost  and  brief  periods  of  cold  curtail  the  production  of  tea ;  but  some  of  tbe 
choicest  brands,  particularly  those  of  great  flavor,  come  fh>m  climates  whose  tem- 
perature often  falls  in  winter  below  32^  F.  A  decided  gain  in  quality  oompensatfls 
for  a  leaser  yield  in  quantity. 

The  several  tea  countries  exhibit  a  marked  difference  in  the  production  per  bnsh. 
Thus,  in  India  and  Ceylon  exceptionally  productive  estates  enjoy  a  yield  of  8  to  10 
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omicaB  of  dry  tea  per  bush;  the  general  average  being  3  to  4  ouncee,  and  at  the 
higher  altitudes  2  to  3  ounces.  In  China  the  bush  is  said  to  produce  2  ounces,  but 
only  by  a  system  of  plucking  which  approaches  stripping.  In  Japan  the  yield  is  1 
oonce  or  less.  At  Pinehursti  with  fine  picking  (ordinary  picking  should  give  fully 
50  per  cent  more),  the  ''Eose  Garden,''  planted  with  thoroughly  acclimated  Assam 
hybrids,  gave  this  year  (1897)  3  ounces  per  bush;  a  garden  of  Chinese  origin,  fonr- 
filtha  of  an  ounce,  and  one  of  Japanese,  one-half  ounce.  It  is  observable  how  the 
ofieet  of  the  native  climate  follows  the  seed  into  even  distant  lands. 

Very  many  crops  are  remuneratively  grown  out  of  their  natural  zones,  and  often 
wiUi  an  improvement  of  the  quality,  although  usually  at  enhanced  cost  of  labor  and 
attention.  This  is  strikingly  shown  in  the  case  of  tea,  in  the  higher  valuation  of 
the  product  of  the  Daijeeling  gardens  in  India,  as  also  of  the  more  elevated  ones  in 
Ceylon,  and  of  the  black  and  green  teas  from  the  northern  district  of  China  (the 
borne  of  the  thea  viridis).  The  higher  price  of  labor,  in  this  section  should  not 
prove  an  insuperable  obstacle  to  the  cultivation  of  tea. 

PUTIES  MAY  BE  SESTORKD. 

Temporarily  the  tea  market  is  depressed,  and  immense  quantities  of  the  cheaper 
sorts  are  being  thrown  upon  us,  especially  as  we  impose  no  duty  on  tea.  The  United 
States  stands  alone  among  civilized  nations  in  the  latter  respect.  Free-trade  Great 
Britain  imposes  a  duty  of  8  cents  per  pound  on  the  tea  from  her  own  colonies,  and 
they  furnish  almost  all  that  she  consumes.  The  continental  European  countries 
place  on  tea  duties  of  from  20  to  40  cents.  Russia,  which  proverbially  enjoys  the 
best  tea,  charges  the  highest  rate. 

Some  years  ago,  when  the  war  between  the  States  necessitated  additional  revenue, 
there  was  a  duty  on  tea  of  25  and  later  15  cents  per  pound.  To-day  the  revenue  of 
the  Government  does  not  cover  its  expenditures,  and  consequently  there  is  frequent 
disevsaion  of  the  advisability  of  restoring  the  duty.  An  increase  of  20  cents  per 
pound  is  eciuivalent  to  one- tenth  of  a  cent  per  cup  of  tea,  since  a  pound  of  good  tea 
should  suffice  for  200  cups  of  the  beverage.  A  duty  of  20  cents  per  pound  would 
more  than  compensate  for  the  difference  in  the  cost  of  labor  on  the  middling  and 
low-middling  grades,  which  without  national  protection  in  the  form  of  duty  or 
bonus  it  would  be  folly  to  attempt  to  raise  on  a  commercial  scale  in  this  country. 
It  ia  surely  coming — the  duty  on^tea — and  just  as  surely  as  this  Government  will  go 
on  spending  more  than  it  collects.  A  war  or  any  other  cause  for  extraordinary 
expenditure  must  promptly  reinstate  it. 

Bat  aside  from  possible  remunerative  conditions  not  as  yet  existing,  it  will  pay  to 
raise  the  better  grades  of  tea  in  the  Southern  States  wherever  the  climate  and  labor 
beat  subserve  the  purpose.  We  fully  believe  that  we  have  demonstrated  that  fact 
at  Pinehurst.  There  may  be  more  promising  undertakings;  there  may  be  regions 
where  ample  and  profitable  employment  is  enjoyed  by  all,  with  a  reasonable  outlook 
fi>r  the  immediate  future;  but  the  writer  does  not  know  where  they  are.  On  the 
oontrar)',  the  population  seems  to.be  increasing  more  rapidly  than  the  means  of 
employment  and  sustenance ;  and,  without  regard  to  the  question  of  the  currency, 
the  day  is  almost  upon  us  when  many  must  be  idle  unless  new  iuilnstries  are  pro- 
vided. The  cultivation  of  tea  offers  easy  outdoor  occupation  for  men  incapable  of 
hard  labor  in  a  hot,  malarial  region ;  it  enables  women  and  children  to  earn  their 
livelihood,  as  they  are  compelled  to  do  in  all  thickly  inhabited  countries.  It  is  not 
a  ease  of  ''half  a  loaf.''  According  to  our  experience,  ordinarily  skillful  and  indiis- 
trions  laborers  may  be  safely  paid  as  much  in  tea  gardens  as  in  cotton,  corn,  or  pea 
fields. 

WHAT  MAY  NOW   BE   DONE. 

There  ia  a  large  class  of  people  who  might  profitably  add  the  cultivation  of  tea  to 
that  of  flowers  and  vegetables,  filling  out  the  comers  of  their  gardens  and  home  fields 
with  tea  buahes,  as  they  do  in  China,  or  substituting  useful  as  well  as  ornamental 
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evergreen  hedges  of  that  plant  for  the  present  unsightly  and  costly  and  freqnastly 
unreliable  fences.  Cultivated  iu  this  way,  the  outlay  of  time,  labor,  and  money 
could  hardly  prove  burdensome ;  and,  as  one  result,  the  household  should  lie  able  to 
supply  its  own  tea — pure,  strong,  and  invigorating,  instead  of  the  wishy-waahy, 
often  far  from  cheap,  stuff  generally  sold  throughout  the  country. 

As  these  little  tea  gardens  are  extended  and  multiply,  factories  will  be  establiahed 
in  each  neighborhood  for  the  larger  manufacture  of  commercial  t«a,  whither  the 
products  of  the  gardens  surrounding  may  be  brought  and  sold,  precisely  as  canning 
factories  and  dairies  consume  the  surplus  production  of  fruit  and  milk. 

One  feature  in  the  cultivation  of  tea  has  only  to  be  stated  to  appeal  to  everyone 
who  plants,  namely,  that  the  season  for  gathering  the  leaf  lasts  in  this  climate  for 
six  months.  Thns  a  crop  is  not  dependent  for  at  least  partial  success  upon  the 
weather  of  any  one  or  two  months,  as  is  so  apt  to  be  the  case  with  most  of  the  objects 
of  the  husbandman's  labor  and  solicitude. 

For  the  present  it  will  be  wiser  to  limit  the  pro<Inction  of  tea  in  the  South  to  the 
better  grades,  such  as  retail  at  from  50  cents  to  $1  per  pound.  The  greater  cost  of 
unskilled  labor  in  this  country  than  in  the  Orient  should  constitute  a  smaller  frac- 
tion of  the  total  expense  if  the  product  commands  a  higher  price.  Other  things 
being  equal,  the  quality  of  any  tea  depends  on  the  ''  fineness"  of  the  leaf  plucked. 
If  only  the  tiny,  tender,  youngest  leaf  be  picked,  the  quantity  of  the  crop  must  be 
comparatively  small;  but  its  quality  will  be  decidedly  superior  to  that  obtained  by 
''coarse''  plucking,  which  also  embraces  the  older,  larger,  and  necessarily  tungher 
leaves. 

A  PLAN   OF  OPERATIONS. 

In  the  selection  of  seed,  it  is  desirable  to  procure  the  nearest  approach  to  the 
Assam  variety  that  the  local  climate  will  permit,  if  our  object  be  to  attain  the 
greatest  yield  and  strength  consistent  with  quality;  but  it  is  to  be  remembered 
how  exceedingly  sensitive  to  cold  is  the  indigenous  Assam.  If  delicacy  of  flavor  be 
sought,  some  of  the  Chinese  or  Indian  hybrids  will  afford  that,  with  a  very  fair  leaf 
production.  The  intention  of  the  grower  to  produce  green  or  black  tea  will  influ- 
ence the  selection  of  the  seed.  Here  we  have  Assamese  (at  least  some  few  that  have 
survived  the  climate),  Darjeeling,  Kangra,  Knmaon,  Ceylon,  Formosa,  Chinese,  and 
Japanese;  also  that  Americanized  stock  which,  from  importations  of  many  years 
ago  (perhaps  fifty),  may  be  regarded  as  thoroughly  acclimated.  From  all  of  these, 
except  some  .Japanese,  which  we  owe  to  that  Government,  and  Formosan,  better 
black  than  green  tea  can  be  made. 

If  foreign  seed  is  desired,  orders  had  better  be  sent  to  those  who  make  a  business 
of  raising,  selling,  and  shipping  seed;  otherwiHc  there  will  ensue  the  natural  disap- 
pointment from  the  Ions  of  three  out  of  four  consignments,  the  consequence  of 
ignorance  and  carelessness.  The  best  seed  comes  from  groves  especially'  reserved 
for  that  purpose,  and  not  subjected  to  the  ordinary  pruning  and  leaf  plucking. 
The  cost  of  100  pounds  Oriental  tea  seed,  say  40,000  seeds,  laid  down  here,  will  vaiy 
from  $60  to  $120,  according  to  the  quality  and  the  expense  of  the  transportation. 

PLANTING   THE   SEED. 

The  sooner  the  seed  is  planted  out,  after  maturing  in  the  autumn,  the  better;  and 
it  is  advisable  to  protect  it  iu  nurseries.  Choose  a  thin,  rather  light  soil,  over- 
lying a  harder  subsoil,  with  free  drainage,  near  a  spring  or  other  water  supply; 
spade  the  top  soil  to  the  depth  of  6  inches;  rake  it  off  level;  the  surface  should  be 
rather  below  than  above  that  of  the  surrounding  land.  Erect  a  frame  and  light 
cover  of  boards  or  boughs  over  the  bed,  as  a  protection  from  cold,  but  especially  from 
direct  sunlight.  It  should  be  sufficiently  open  to  admit  the  rain.  The  underlying 
soil  is  left  undisturbed,  with  the  object  of  curtailing  the  growth  of  the  taproot, 
which  otherwise  might  suffer  injury  in  the  subsequent  transplanting.  Plant  the 
seed  2  or  3  inches  deep,  at  distances  of  3  inches,  in  rows  4  inches  or  more  apart; 
thoroughly  wet  the  bed,  and  cover  it  with  a  few  inches  of  pine  straw  or  other  litter. 


25 

If  tbe  rain  be  Insuffioient,  thoroaghly  moisten  the  nursery  bed,  especially  when  the 
joaug  seedlings  begin  to  appear.  Remove,  then,  almost  all  of  tbe  litter;  keep  the 
bed  clean  from  weeds. 

With  tbe  occorrence  of  the  wet  season  in  midsommer  the  seedlings  should  have 
attained  a  height  of  4  to  6  inches,  and  are  then  ready  for  transplanting.  This 
shonld  be  done  with  the  ordinary  strawberry  transplanter.  Good  fresh  domestic 
eeed  affords  75  per  cent  seedlings;  but  with  importations  from  a  great  distance  25 
per  (sent  is  a  fair  retain,  although  we  have  occasionally  germinated  GO  per  cent. 

LAYING  OUT  THB  OARDKN. 

Select  level  land,  naturally  moist,  but  free  from  stagnant  water;  the  soil  should 
be  light  and  porous,  rich  in  thoroughly  decomposed  organic  matter  (preferably  from 
oak  leaves),  and  as  deep  as  possible.  The  subsoil  should  be  self-draining  and  pre- 
sent uo  obstacle  to  the  deep  penetration  of  the  taproot. 

Analyses  of  the  best  Indian  tea  soils  show  a  great  deficiency  of  lime,  an  absence 
of  sulphuric  acid,   the  constant  occorrence  of  manganese,   and  a  large  amount 
of  nitrogen,  as  also  considerable  quantities  of  potash  and  magnesia  micas.     The 
beet  Chinese,  Japanese,  and  Javanese  tea  soils  are  said  to  contain  a  great  deal 
of  fermginous  clay,  and  to  be  likewise  deficient  in  lime.    The  high  quality  of  the 
Formoea  tea  has  been  attributed  to  the  large  content  of  iron  in  the  soil.    At  Pine- 
hurst  experiments  have  been  conducted  on  sandy,  clayey,  and  bottom  lands;  on 
level  fields,  on  hillsides,  and  in  drained  ponds,  with  the  result  that  we  earnestly 
recommend  level  lands  thoroughly  drained,  porous  to  as  great  a  depth  as  possible, 
and  aweety  i.  e.,  free  from  all  virginal  acidity.    It  was  early  recognized  that  none  of 
oar  lands  afforded  sufficiently  abundant  and  quick  plant  food  to  stimulate  and 
maintain  that  unusually  luxuriant  growth  which  is  indispensable  In  a  successful 
tea  garden.    Consequently,  all  have  received  abundant  enrichment.    The  chief 
question  presented  to  ns  seemed  to  be  whether  a  tea  industry  could  be  inaugurated 
here  on  a  profitable  basis,  and  minor  considerations  had  to  be  postponed.    The  dif- 
ference in  the  3rield  of  the  several  gardens  is  to  be  attributed  to  the  unequal  pro- 
dactive  habits  of  the  difterent  sorts  and  to  the  varying  physical  conditions  of  the 
lands.    Nevertheless,  as  regards  the  former,  it  is  noticeable  how  quickly  the  tea 
plant  responds  to  generous  treatment  and  returns  full  payment  therefor  in  quantity 
and  quality.    With  this  increased  vigor  comes  a  tendency  toward  a  type  character- 
istic of  the  local  climate;  and,  as  a  consequence,  experts  have  appreciated  and 
styled  as  **  South  Carolina''  tbe  flavor  which  belongs  to  the  Pinehurst  tea. 

It  has  been  found  desirable  to  plant  at  greater  distances  than  is  common  in  the 
£ast,  so  that  draft  animals  and  the  usual  cultivators  may  be  substituted  as  far  as 
possible  for  hand  labor,  such  as  obtains  in  cheap-labor  countritis.  Tea  is  usually 
planted  in  rows.  The  plants  may  be  at  distances  of  4  feet  or  more,  according  to  the 
size  of  the  kind,  laid  out  rectangularly  or  by  alternate  planting  (''quincunx"),  as 
used  in  some  Florida  orange  groves,  whereby  three-way  plowing  is  secured,  or  hedges 
may  be  formed  by  planting  at  12  to  18  inches  apart,  with  alleys  of  5  or  more  feet 
between  them.  The  latter  system  involves  more  hoeing,  but  can  be  advantageously 
used  on  slopes,  to  prevent  the  washing  away  of  the  soil.  We  have  also  planted 
seed  "at  the  stake;"  that  is,  where  the  garden  is  to  be  formed  and  the  tea  bushes  to 
stand,  bnt  the  nurser}  method  is  preferable. 

Each  seedling  should  receive  the  protection,  fiom  the  sun  and  cold  winds,  of  two 
shinglee;  in  summer  they  are  placed  to  the  south  and  west  and  in  winter  to  the 
north  and  west. 

CULTIVATION. 

Keep  tbe  young  plants  growing  by  any  and  all  good  agricultural  methods,  other- 
wise leave  them  alone,  unless  it  be  to  pinch  back  any  excessive  upward  growth.  As 
a  rule,  it  will  be  well  to  defer  any  excessive  leaf  plucking  until  the  third  year ;  never- 
theless we  have  made  about  50  pounds  of  tea  to  the  acre  from  2-year-old  gardens 
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without  detriment.    Vacancies  cansed  by  the  death  of  indiyidaal  plants  ahoald  he 
filled  as  early  as  possible  fW>m  surplus  stock  left  in  the  nursery. 

The  manures  employed  at  Pinehurst  are  carefully  preserved  stable  compost  (f<«ti* 
fied  with  acid  phosphate  and  kainit)  whereyer  it  can  be  profitably  ntilized,  and 
commercial  fertilizers  rich  in  soluble  potash  and  available  nitrogen,  with  a  modi- 
cum of  soluble  phosphates.  New  land  gets  with  us  a  heavy  dressing  of  burned 
marl  in  advance  of  cultivation.  The  tea  plant  demands  the  richest  of  food  aad 
plenty  of  it.    In  the  autumn  cowpeas  are  sown  in  the  alleys. 

THE  CROP. 

Leaf-plucking  demands  the  careful  attention  of  the  tea  grower.  It  is  a  li|^t 
employment,  suitable  for  women  and  children,  but  they  must  be  patiently  taught, 
and  their  work  must  be  strictly  scrutinized.  At  Pinehurst  colored  children  do  the 
picking,  and  very  satisfactorily.  A  free  school  (PLVII,  fig.  2)  is  maintained  for  them; 
every  pupil  of  suitable  age  and  size  is  required  to  pick;  others  are  excluded  iVom 
the  gardens.  Regular  attendance  and  better  discipline  are  thus  secured.  But, 
otherwise,  there  would  be  no  difficulty  in  securing  an  ample  force,  as  the  wages 
earned  prove  in  themselves  a  sufficient  attraction.  The  older  children  earn  from  30 
to  50  cents  a  day ;  the  younger  ones  in  proportion.  During  the  past  season  the  tea 
gardens  were  picked  twenty  times,  or  once  every  ten  days,  and  it  took  three  days 
for  the  average  force  of  twenty  children  to  make  the  round  of  the  gardens.  The 
more  industrious  and  skillful  pick  ftom  10  to  20  pounds  of  fresh  leaf  per  diem.  It 
takes  4i  pounds  of  fresh  leaf  to  make  1  of  dry  tea. 

PLUSllKS. 

The  growing  tea  plant  throws  out  from  its  branches  tender,  bright  shoo^.  On 
examination  these  are  found  to  consist  of  a  tiny,  tender,  unexpanded  leaf  bud  at  the 
end  of  the  shoot  (the  so-called  Pekoe  tip,  or  flowery  Pekoe) ;  an  almost  equally  ten- 
der, small  leaf  follows  on  the  stem  (the  orange  Pekoe),  and  then  one  slightly  larger 
and  firmer  (the  Pekoe).  The  bud  and  two  leaves  furnish  Pekoe  tea.  Following 
them  come  two  yet  larger  and  more  mature  leaves,  the  first  and  second  Souchong: 
and  the  twig  has  often  two  more  still. 

In  the  axis  of  each  leaf,  that  is,  between  it  and  the  stem,  may  be  seen  a  dimina- 
tive  leaf  bud,  which,  on  proper  encouragement,  will  rapidly  produce  another  wholly- 
equipped  shoot.  This  encouragement  is  afforded  by  furnishing  such  a  stimulus  to 
luxuriant  growth  that  its  existent  foliage  fails  to  meet  the  demands  of  the  plant,  or 
by  artificially  depriving  it  of  the  greater  part  of  its  leaves.  These  new  shoots  con- 
stitute a  ''flush ;"  and  as  each  shoot  has  several  leaf  buds,  it  will  be  seen  how  rapidly 
the  work  of  restoring  the  natural  equilibrium  can  proceed. 

The  cultivated  Assamese  variety  is  capable  of  bearing  twenty  or  more  flushes  in 
the  season;  the  Chinese  and  Japanese,  only  a  few.  On  young  plants  and  with  the 
earliest  spring  flushes  of  older  gardens  the  pickers  are  taught  to  nip  off  between  the 
thumb  nail  and  forefinger  the  Pekeo  tip  and  three-quarters  of  the  orange  Pekoe  leaf. 
As  the  season  advances  and  more  leaf  may  be  safely  picked,  three-quarters  of  the 
Pekoe  leaf  are  additionally  taken.  Thus  two  leaf  buds  are  left  at  the  end  of  the 
shoot  for  producing  others  in  due  time.  At  the  height  of  the  season  we  sometimes 
pluck  three-quarters  of  the  first  Souchong,  if  quite  tender. 

This  constitutes  fine  picking;  hence  the  strength  and  flavor  of  the  Pinehurst  tea. 
In  other  countries  both  of  the  Souchongs  are  usually  picked,  and  in  Chiua,  at  the 
summer  crop,  almost  all,  if  hot  quite  all,  of  the  young  shoots  is  taken. 

The  children  put  the  leaf  into  Swiss  trout  baskets.  They  are  not  permitted  to 
pack  it  down  tightly,  for  fear  of  its  becoming  heated.  Nor  is  it  allowed  to  collect 
m  large  quantities  in  the  field,  but  is  brought  to  the  factory,  very  carefully  exam- 
ined as  to  fineness  and  general  condition,  weighed,  and  spread  out  on  a  cool,  cleau 
floor. 
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PRUNIHG. 

Wlion  the  tea  biuh  has  lost  its  yonthfal  vigor,  when  the  intervals  between  the 
fluthee  are  protracted,  or  the  growth  has  become  too  tall  and  irregular,  perhaps 
entangled,  then  pruning  becomes  necessary.  This  step  consists  in  the  moderate  or 
ooeasionally  rigorous  cutting  back  of  the  foliage^  so  as  to  force  a  long  succession  of 
flushes.  It  should  be  done  in  the  winter,  and  a  bush  severely  pruned  at  that  time 
eibould  receive  only  mild  picking  during  the  ensuing  spring  and  early  summer.  The 
production  of  leaf  on  even  the  most  luxuriant  types  of  tea  is  but  scant  if  they  be 
left  to  themselves  in  their  native  Jungles,  whereas  if  introduced  into  the  open  sun- 
light, and  properly  pruned  and  cultivated,  they  become  capable  of  an  enormous 
yield.  Kor  does  intensive  cultivation  and  cropping,  judiciously  exercised,  appear 
serionaly  to  impair  their  strength  and  life.  The  importance  of  this  step  was  quickly 
appreciated  by  that  veteran  horticulturist,  William  Saunders,  of  the  National 
Department  of  Agriculture,  on  his  official  inspection  of  the  Pinehurst  tea  gardens 
daring  the  past  summer.    In  his  report  to  the  Secretary  of  Agriculture  he  wrote : 

"The  first  garden  visited  at  Pinehurst  in  company  with  Dr.  Shepard  was  one  of 
about  2  acres  in  extent,  where  the  pickers  were  busy  collecting  a  'flush.'  Having 
^lowii  many  thousands  of  tea  plants,  and  being  familiar  with  methods  of  culture  in 
India,  so  far  as  verbal  information  from  growers  and  illustrations  could  convey  ideas 
of  management,  the  writer  saw  at  first  glance  that  he  was  looking  upon  a  tea  gar- 
den of  perfect  cultivation.  The  first  attraction  of  such  a  garden  i8  the  remarkable 
color  of  the  foliage,  a  deep,  velvety  green,  shining  with  vigorous  health  on  the  lower 
leaves  of  the  plants.  The  uniformity  and  perfection  of  shape  of  the  plants,  indica- 
tive of  skillful  pruning,  is  next  noticeable.  Skill  in  pruning  is  also  apparent  in  the 
vigorous  growth  of  the  young  shoots,  giving  succulency  to  the  leaf  and  promoting 
rapid  development  of  continuous  flushings.  All  these  features  combine  to  form  a 
scene  of  uncommon  interest  of  the  appreciative  observer. 

"No  single  operation  in  the  management  of  tea  gardens  at  Pinehurst  is  more  inter- 
esting to  a  practical  plant  grower  than  the  system  of  pruning.  This  has  been  reached 
after  a  long  study  of  various  methods,  some  of  which  have  proved  disastrous. 

"Here  the  pruning  is  directed  first  to  the  gradual  extension  of  the  breadth  of  the 
plant  without  greatly  increasing  its  height,  but  increasing  the  number  of  shoots 
available  for  picking ;  and,  second,  to  secure  strength  in  these  shoots,  so  that  their 
vigor  is  maintained  up  to  the  last  flush,  and  they  are  able  to  respond  quickly  in  the 
production  of  new  leaves  after  each  picking." 

MANUFACTURE. 

There  are  very  many  ccmmercial  teas.  Prominent  and  most  divergent  are  the 
so-called  green  and  black ;  the  intermediate  ones  are  numerous.  Two  processes  are 
requisite  in  the  manufacture  of  all  teas,  viz,  rolling  or  other  manipulation,  whereby 
the  leaves  are  preserved  and  the  oily  cells  in  the  leaves  are  broken  and  their  con- 
tents rendered  easily  extractable  by  hot  water,  and  drying,  whereby  the  tea  is  pre- 
served. In  the  manufacture  of  green  tea  these  operations  sufilce,  and  they  should 
be  performed  with  celerity,  so  as  to  prevent  the  action  of  the  atmospheric  oxygen 
npon  the  leaf.  In  making  black  tea  two  additional  steps  are  necessary,  viz,  wither- 
ing, whereby  the  leaf  is  prepared  for  rolling,  and 'oxidation  (formerly  thought  to  be 
a  fermentation),  whereby  certain  chemical  changes  are  induced.  It  is  not  intended 
to  enter  upon  the  description  of  the  manufacture  of  tea  in  this  article,  already  per- 
haps too  long.  There  will  be  abundant  time  to  thoroughly  study  and  provide  for 
its  various  operations  before  the  tea  plantations,  which  the  writer  hopes  to  see 
started  in  Florida,  are  ready  to  furnish  leaf.  That  he  is  a  firm  believer  in  the 
future,  if  not  the  present,  of  American  tea  his  50  acres  of  tea  gardens  attest. 

Charles  U.  Shrpard. 
FiNKHUBST,  Summer v  ILLS,  S.  C. 
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SiB:  In  parsuance  of  the  work  of  this  Division,  and  in  order  to 
interpret  the  resolts  obtained  in  the  investigation  of  the'tobacco  soib 
of  the  United  States,  particularly  to  determine  whether  the  crops  pro- 
duced on  the  types  of  the  tobacco  soils  are  the  best  obtainable  with  our 
present  knowledge  and  skill  in  manipulation,  it  seemed  advisable  to 
add  to  the  staff  of  this  Division  a  person  trained  by  experience  in  the 
tobacco  business. 

In  reviewing  the  situation  carefully  it  seemed  evident  that  the  moil 
striking  advances  in  recent  years  have  been  made  in  the  development 
of  the  cigar-tobacco  industry  of  Florida.  A  request  was  therefore 
made  on  the  Civil  Service  Commission  to  establish  an  eligible  register 
of  those  who  had  thorough  knowledge  of  the  Florida  methods  and  who 
had  had  experience  in  the  development  of  the  industry  there.  Mr. 
M.  L.  Floyd,  of  Quincy,  Fla.,  was  appointed  tobacco  expert  in  this  Divi- 
sion as  a  result  of  this  examination. 

The  present  development  of  the  tobacco  industry  in  Florida  was 
started  about  twelve  years  ago  by  several  prominent  New  York  ftrms. 
In  1888  Mr.  Floyd  assumed  general  charge  of  the  operations  in  Florida 
of  one  of  these  firms,  producing  the  first  year  25,000  pounds  of  tobaooo 
and  purchasing  from  the  farmers  200,000  pounds  for  fermentation  and 
packing.  In  1894  he  took  a  similar  position  with  another  firm  in  Qoiucy) 
at  that  time  planting  from  800  to  1,000  acres  in  tobacco  and  buying  exten- 
sively from  the  fiarmers.  Thus  for  many  years  he  was  connected  with 
two  of  the  largest  firms  operating  tobacco  plantations  in  Florida.  He 
had  general  oversight  of  the  plantations  and  of  the  manipulation  of  the 
tobacco  in  the  bgrns  and  curing  sheds,  and  has  also  assisted  in  selling 
the  tobacco  after  it  had  been  fermented  and  packed.  In  1897  he  secured 
a  packing  house  of  his  own  and  was  in  business  for  himself  up  to  the 
time  of  his  connection  with  this  Department. 

The  work  of  the  Florida  growers,  while  essentially  practical,  has 
really  been  developed  along  scientific  lines. 

The  accompanying  manuscript  embodies  the  results  of  Mr.  Floyd's 
knowledge  and  experience,  and  its  publication  is  recommended  as 
Eeport  No.  62  of  this  Department. 
Respectfully, 

Milton  Whitney, 
Chief  of  Division^  in  Charge  of  Tobacco  InvesHgatiwM. 

Hon.  James  Wilson, 

Secretary  of  Agriculture, 
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CULTIVATION  OF  CIGAR-LEAF  TOBACCO  IN 

FLORIDA. 


BEQUIBEMENTS   OF   THB   OIOAB-LBAF   TRADE. 

The  demand  of  the  trade  for  cigar-leaf  tobacco  is  exceedingly  vacil- 
ating.  This  is  very  apparent  to  the  man  who  goes  oat  on  the  road  to 
sell  tobacco.  There  is  hardly  a  class  of  men  in  any  one  line  of  business 
80  mach  at  variance  in  their  opinions  and  wants  as  the  dealers  in  and 
the  mannfactorers  of  cigar-leaf  tobacco.  In  view  of  the  fact  that  we 
have  not  yet  arrived  at  the  point  in  cultivation  where  any  section  pro- 
daces  a  uniform  lot  of  tobacco,  x>erhaps  this  difference  of  oi)inion  and 
variety  of  qualities  desired  on  the  part  of  the  dealer  and  manufacturer 
ilia  good  thing,  as  we  can  be  sure  that,  no  matter  what  we  have  so 
long  as  it  is  really  tobacco,  we  can  find  a  manufacturer  who  can  and 
will  use  it,  provided  the  price  is  low  enough.  There  are  stogies, 
cheroots,  and  a  world  of  low-grade  cigars  consumed  each  year,  and  to 
produce  tobacco  suitable  for  these  goods  we  need  make  no  special  effort. 
What  we  want  is  to  produce  a  tobacco  for  a  cigar  of  better  grade  and 
higher  price. 

All  are  fairly  well  agreed  that  for  wrapper  purposes  the  Sumatra 
furnishes  the  ideal  leaf,  while  for  fillers,  where  quality  is  needed, 
the  island  of  Cuba  produces  the  best  leaf.  As  these  tobaccos  are  the 
standard  of  quality  and  style  sought  after,  it  should  be  the  aim  of  each 
tobacco-growing  section  to  produce  as  nearly  as  possible  a  tobacco 
that  will  take  the  place  of  these  imported  goods,  both  in  appearance 
and  quality.  The  first  essential  in  all  cases  is  that  the  tobacco, 
whether  wrapper  or  filler,  burn  smoothly  and  freely.  Next  there 
must  be  quality;  the  taste  roust  be  pleasant,  not  rank  and  strong, 
nor  too  mild.  When  the  taste  is  pleasant,  not  sharp,  the  aroma  will 
invariably  be  good.  The  cigar  that  possesses  the  above  qualities  will 
please  the  smoker  and  leave  him  wanting  another,  and  thus  the  manu- 
facturer will  also  be  pleased.  The  wrapper  must  have  style.  At  pres- 
ent the  Sumatra  is  the  standard  by  which  all  other  wrapper  leaf  is 
compared,  both  as  to  quality  and  appearance.  That  means  that  a 
wrapi)er,  to  be  acceptable  to  the  manufacturer  of  the  high-grade  cigars, 
most  be  light  in  color,  rich  in  grain,  thin  in  texture,  small  in  vein  and 
stem,  very  elastic,  and  of  good  burning  quality.    The  most  desirable 
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sizes  are  16  and  18  inch  leaves,  as  from  leaves  of  these  sizes  ttie  mam- 
facturer  will  get  four  wrappers  from  each  leaf  and  have  very  litHe 
waste,  which  is  always  qaite  an  important  item  to  consider.  We  wiH 
assume,  for  illustration,  that  a  manufacturer  buys  2  pounds  of  Samatn 
wrappers  for  which  he  pays  $4  x>er  pound.  These  2  pounds  will  wnf 
1,000  cigars,  all  ^<  first,"  at  a  total  cost  of  $8.  There  is  no  loss,  the 
entire  leaf  being  used  as  a  wrapper,  and  the  manufacturer  has  the  satis- 
faction of  knowing  that  for  each  2  pounds  of  Sumatra  wrapper  boaght 
1,000  cigars  will  be  wrapped  and  will  be  uniform  in  color. 

Whenever  we  can  produce  in  this  country  a  wrapper  that  will  oome 
up  to  the  above  requirements,  we  shall  find  that  the  trade  will  take  A 
and  pay  liberally  for  it,  but  as  long  as  we  offer  to  the  trade  inferior  goods 
the  prices  will  be  low.  Of  course  the  first  essential  is  that  the  wrapper 
leaf  be  grown;  the  next  is  that  it  be  properly  cured,  assorted,  and 
classified.  A  manufacturer  will  never  pay  a  high  price  for  a  bale  of 
tobacco  unless  he  can  calculate  just  what  it  will  yield  him,  and  this  be 
can  only  do  when  it  is  well  and  carefully  selected.  The  tobacco  should 
be  uniform  in  size,  color,  and  texture,  as  when  a  bale  of  tobacco  con- 
tains a  variety  of  colors,  sizes,  and  textures,  the  buyer  is  left  to  guess 
its  value,  and  the  price  will  necessarily  be  low. 

For  filler  purposes,  Cuban  tobacco  makes  the  standard.  The  size  of 
the  leaf  should  be  from  12  to  14  inches,  not  longer,  and  it  should  not  be 
very  dark  and  heavy,  as  many  seem  to  think,  but  of  medium  body  and 
of  a  rich  brown  color,  burning  smoothly  and  freely.  All  manufacturerB 
agree  that  it  is  never  well  to  make  a  cigar  from  only  one  kind  of  tobacco; 
that  is,  a  cigar  should  not  be  made  in  which  the  entire  filler  is  Ohio, 
Pennsylvania,  or  Florida  tobacco,  buttobacco  shouldbe  taken  from  these 
various  sections  and  a  combination  tried  until  tobaccos  are  found  that 
blend  well.  When  this  result  is  secured  the  combination  is  adopted  and 
a  new  brand  of  cigar  is  put  on  the  market.  This  is  especially  true  of  the 
Cuban  tobacco.  Many  of  the  manufacturers  would  gladly  reduce  the 
amount  of  imported  Cuban  tobacco  if  they  could  be  supplied  with  a 
domestic  tobacco  that  would  blend  well  with  it. 

We  have  no  choice  in  the  matter.  The  trade  demands  the  quality 
contained  in  the  Cuban  tobacco  and  the  style  of  the  Sumatra  leaf,  there- 
fore we  must  try  to  produce  what  they  want.  The  tobaccos  ])rodueed  in 
the  States  of  Pennsylvania,  Ohio,  and  Wisconsin,  and  in  the  Connecticot 
Valley,  go  far  toward  supplying  the  manufacturers  of  our  country ;  bat 
unfortunately  these  goods  find  their  way  into  medium  and  low-priced 
cigars,  and  our  higher-priced  and  best  cigars  are  made  from  imported 
goods.    Just  where  the  fault  lies  and  what  is  the  remedy  is  hard  to  say. 

This  much,  however,  can  be  said  of  some  of  the  States,  especially  of 
Massachusetts  and  Connecticut — that  a  very  pretty  leaf  is  produced 
which  one  would  think  would  be  acceptable  to  the  trade  and  find  a 
place  in  the  higher-priced  cigars,  but  such  is  not  the  case  except  to  a 
limited  degree.    Some  manufacturers  do  n>e  the  Connecticut  wrapper 


OD  fine  cigars,  getting  aboat  two  wrappers  from  or  near  the  point  of  the 
haf,  where  it  has  a  rich  grain.  The  remainder  of  the  leaf  being  sleek 
and  glossy — looking  ^^  seedy,"  as  the  manufacturer  would  say — can  only 
be  used  on  medium  and  low-priced  cigars.  The  Zimmer  Spanish  and 
Little  Dutch  produced  in  Ohio  make  a  good  fight  for  a  place  in  the 
medium-priced  stock  and  are  very  acceptable  to  the  smoker  oi  5-cent 
dgars. 

For  the  past  ten  years  Florida  has  done  much  to  show  what  could 
and  should  be  done.  Finding  that  the  trade  could  not  be  forced  into 
taking  whatever  might  be  produced,  it  was  determined  to  grow  as 
nearly  as  i)OS8ible  a  tobacco  similar  both  in  appearance  and  quality  to 
that  grown  on  the  islands  of  Sumatra  and  Cuba.  To  do  this  the  best 
seed  obtainable  was  secured  from  these  islands,  and,  as  far  as  practi- 
cable, their  methods  of  cultivation,  harvesting,  fermenting,  and  manip- 
ulation were  employed.  How  well  these  efforts  have  succeeded  may 
be  judged  from  the  fact  that  Florida  fillers,  when  well  cured  and  baled, 
bring  to-day  as  high  as  45  cents  per  pound,  while  wrappers  bring  from 
50  cents  to  $2  per  pound,  according  to  style  and  quality. 

This  applies  to  the  Cuban  variety.  So  far  as  the  production  of  the 
Sumatra  type  of  tobacco  in  Florida  is  concerned,  there  is  equal  assur- 
ance of  success.  Unquestionably  bales  of  that  type  of  tobacco  have 
been  grown  and  packed  that  the  best  experts  could  not  distinguish 
from  the  imported  goods,  and  some  of  this,  grown  under  shade,  has 
been  sold  for  $4  per  pound.  Of  course  these  bales  contain  tobacco 
that  has  been  selected  with  great  care,  each  leaf  being  perfect.  Two 
pounds  of  such  tobacco  would  wrap  1,000  cigars,  all  "first,"  and  equal 
to  those  wrapped  with  imported  goods.  This  shows  that  when  we 
offer  to  the  trade  the  proper  goods  it  is  willing  to  pay  for  them.  We 
bave  much  yet  to  learn,  as  the  per  cent  of  this  finer  grade  of  wrapper 
bas  been  very  small  compared  with  the  quantity  grown,  thus  causing 
the  selection  and  classification  of  tobacco  to  be  very  expensive,  as  it 
requires  the  assorting  of  a  large  quantity  in  order  to  obtain  a  very 
small  percentage  of  desirable  wrapper  leaf.  However,  as  before  stated, 
we  have  met  with  sufficient  success  to  warrant  the  belief  that  in  the 
Bear  future  we  will  produce  a  leaf  that  will  take  the  place  of  the 
imported  Sumatra.  What  may  seem  strange  regarding  the  Florida- 
grown  Sumatra  is  that  from  the  same  crop  we  are  able  to  obtain  light 
spotted  leaves  that  are  identical  with  the  imported  Sumatra,  also  light 
unspotted  leaves  that  closely  resemble  the  finest  type  of  wrapper  grown 
<^  the  island  of  Cuba,  each  possessing  the  rich  grain  and  general 
appearance  of  the  imported  goods. 

All  this  is  written  relative  to  Florida  in  order  to  show  that  a  high 
price  can  only  be  obtained  when  we  offer  to  the  trade  a  tobacco  which 
resembles  and  will,  in  a  great  measure,  take  the  place  of  the  goods 
imported  from  Cuba  and  Sumatra.  Undoubtedly  Florida  is  gradually 
approaching  this  condition.    It  is  a  fact  that  during  the  past  two  years 
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mnch  of  the  tobacco  grown  in  all  parts  of  the  State  has  had  no 
sale,  and  many  of  the  growers  have  become  discouraged.    This, 
ever,  is  doe  to  the  fact  that  the  growers  are  inexx)erienced  as 
culture,  harvesting,  and  general  care  necessary  for  the  production 
tobacco. 

From  the  foregoing  statements  it  can  be  seen  that  the  cigar 
as  applied  to  the  higher- grade  ^oods,  demands  the  quality  of  the 
tobacco  aud  the  style  of  the  Sumatra  leaf.  With  these  facts  before 
it  is  unquestionably  the  duty  of  each  tobacco- growing  section  to  txyto 
produce  a  tobacco  that  will  meet  these  requirements.  While  we  11117 
not  hope  to  entirely  displace  the  Cuban  fillers,  we  certainly  can  hope 
to  produce  a  filler  that  will  blend  well  with  these  goods,  and  thus 
greatly  reduce  the  quantity  of  Cuban  tobacco  imported  into  tills 
country. 

CULTIVATION  OF  OUBAN  TOBACCO  IN  FLORIDA. 

The  land  for  the  seed  bed  should  preferably  be  fresh,  rich  hammock, 
having  a  light  gray  soil,  moist  but  not  wet  Dry,  thirsty  land  should 
be  avoided.  One  hundred  square  yards  of  seed  bed  are  necessary  for 
each  acre  to  be  grown,  and  two  tablespoonfuls  of  seed  are  needed  to 
sow  this  area.  If  fresh  hammock  is  available,  tlie  timber  should  be 
cut  in  November  or  December  aud  the  wood  stacked,  so  that  it  will  dry 
and  be  ready  for  burning  when  the  seed  bed  is  made.  The  time  for 
sowing  the  seed  is  from  January  15  to  March  1.  About  one  week 
before  sowing  the  seed  the  bed  should  be  thoroughly  cleaned,  and  all 
straw  and  leaves  carefally  raked  off,  after  which  the  ground  should  be 
"burned."  This  burning  is  done  for  two  reasons;  first,  to  destroy  all 
grass  or  weed  seeds  or  roots  that  might  otherwise  come  up  and  choke 
the  tobacco  plants;  second,  to  obtain  the  fertilizing  properties  of  the 
hard  wood.    It  is  done  in  the  following  manner: 

After  raking  the  surface  of  the  land  well,  skids  are  laid  4  feet 
apart,  running  the  full  length  of  the  plot  to  be  sown.  A  pile  of  wood 
is  then  laid  across  the  skids,  running  the  full  width  of  the  bed.  The 
fire  is  started,  and  as  fast  as  the  ground  is  thoroughly  burned  and 
covered  with  ashes  the  fire  and  wood  are  drawn  along  the  skids,  wood 
being  continuously  added.  The  fire  is  moved  along  the  skids  until  the 
entire  bed  has  been  burned,  after  which  the  ground  is  again  raked  to 
remove  the  coals,  letting  the  ashes  remain.  The  soil  is  then  spaded  to 
a  depth  of  about  4  inches,  carefully  taking  out  all  roots  and  tufts.  li 
the  soil  needs  fertilizing  after  the  spading  is  completed  (the  seed  bed 
should  be  very  rich  in  order  to  give  thrifty,  healthy  plants),  such  quan- 
tity of  fertilizer  as  may  seem  necessary  is  sown  broadcast  over  the  sur- 
face. Any  complete  guano  may  be  used.  The  bed  is  again  raked  with 
an  irou'toothed  rake  to  mix  the  fertilizer  well  with  the  soil  and  to  have 
the  surface  smooth  and  loose. 

'^he  bed  is  divided  into  '* lands"  about  4  feet  wide,  leaving  narrow 
H  between.     Each  land  is  measured,  to  see  how  many  square 
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fi0etit  contains,  and  enough  seed  is  mixed  with  ashes  to  sow  oue  land 
0t  a  time  at  tlie  rate  of  2  tablespoonfals  to  each  100  sqaare  yards. 
>Aer  the  aowing  is  completed  a  heavy  roller  is  drawn  over  the  bed, 
thos  packing  the  seed  well  into  the  soil,  making  the  surface  smooth, 
and  preventing  the  rapid  drying  out  of  the  surface,  that  would  other- 
wise take  place.  If  the  ground  is  dry,  it  should  be  watered  immediately 
after  sowing  the  seed,  and  this  should  be  continued  from  time  to  time 
as  the  soil  may  require.  In  the  absence  of  rain  after  the  plants  are  up 
the  watering  should  be  continued.  An  illustration  of  one  of  the  seed 
beds  is  given  in  Plate  I,  fig.  1. 

There  are  many  enemies  to  the  seed  bed  in  the  way  of  insects,  so 

a  careful  watch  is  necessary.    As  soon  as  there  is  any  appearance  of 

flea-beetles  or  horn  worms  it  is  the  practice  to  spray  the  bed  with  Paris 

green  mixed  with  water,  at  the  rate  of  one  teaspoonful  to  two  gallons 

of  water.    In  order  to  keep  down  all  insects  the  bed  is  sprayed 

at  least  three  times  a  week.    It  is  usual  to  have  plants  large  enough 

to  transplant  within  sixty  or  seventy  days  from  the  time  of  sowing  the 

bed.    This  applies  to  the  January  and  February  sowings;  March  and 

AprQ  sowings  will  give  plants  from  forty  to  sixty  days  after  being 

sown.    The  sowings  are  arranged  according  to  what  the  requirements 

are  likely  to  be  in  the  planting  season.    In  selecting  early  seed  beds, 

it  is  best  to  get  lands  sloping  from  north  to  south,  protected  on  the 

north  by  forests  and  open  on  the  south  to  let  in  the  midday  sun.    It  is 

safer  to  protect  these  early  beds  by  covering  them  with  cheese  cloth 

stretched  on  frames  made  around  and  over  the  beds.    (PL  I.) 

When  the  plants  are  drawn  for  trauisplanting,  great  care  should  be 

taken  to  get  as  much  root  as  possible.    Each  person  drawing  plants 

should  be  provided  with  a  bucket  of  water,  and  as  soon  as  the  plants 

are  drawn  the  roots  should  be  washed  to  remove  all  dirt  that  may  have 

stack  to  them.    The  plants  are  then  placed  in  a  basket,  roots  down,  and 

immediately  set  out.    This  washing  of  the  roots  is  not  generally 

practiced,  but  it  has  been  found  that  the  plants  live  and  grow  better 

when  the  roots  are  clean.    After  each  drawing  of  the  plants  from  a  bed 

the  soil  should  be  immediately  watered,  in  order  to  close  up  the  places 

from  which  the  plants  were  drawn.    After  all  the  plants  have  been 

^irawn  from  the  beds,  all  vegetation  should  at  once  be  cut  down  and 

the  bed  covered  with  straw  and  leaves  to  a  depth  of  about  6  inches. 

This  covering  prevents  the  grass,  weeds,  etc.,  from  growing  and  also 

^rves  as  a  nmlch.    With  this  care  a  plot  of  land  may  be  used  for 

8«veral  years  for  the  growing  of  plants. 


FIELD  CULTURE. 


The  soil  selected  should  be  light,  gray,  sandy  loam  with  clay  subsoil, 
"^e  land  should  be  broken  up  in  Is  ovember  or  December,  allowing  the 
Plow  to  cat  from  4  to  6  inches  deep,  according  to  the  nature  of  the  soil 
^Ud  the  quantity  of  fertilizer  used.    If  a  large  quantity  of  fertilizer  is 
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used,  such  as  cotton  seed  and  stable  or  barn  manure,  it  sboald  be 
thrown  broadcast  over  the  surface  and  plowed  in.  This  should  be  done 
about  six  weeks  before  'the  time  of  setting  out  the  plants.  About  one 
week  before  setting  the  plants  the  land  is  laid  off  in  rows  4  feet  apart, 
listed  with  2  furrows^  thus  making  a  ridge  on  which  to  set  the  plants. 
On  the  morning  before  setting  out  the  plants  the  top  of  this  ridge  is 
made  flat  and  smooth  by  means  of  a  hoe  or  by  a  board  attached  to  a 
plow  drsvwn.  over  the  ridge.  This  leaves  the  top  of  the  ridge  flat  and 
smooth  and  ready  to  receive  the  plants,  which  should  immediately  be 
set  about  14  inches  apart  in  the  drill.  As  it  is  always  desirable  to  get 
a  uniform  growth,  great  care  should  be  exercised  to  have  each  plant 
live.  Heplanting  should  be  done  as  quickly  as  it  is  x>ossibIe  to  deter- 
mine where  fresh  plants  are  needed.  If  the  ground  is  moist  and  showers 
frequent,  watering  the  plants  is  unnecessary,  but  if  the  ground  is  dry 
they  should  be  watered  immediately  after  setting  and  each  day  there- 
after as  long  as  the  plants  require  it.  The  quantity  of  water  used  is 
in  all  cases  governed  by  the  condition  and  nature  of  the  soil.  Aft^ 
setting,  the  plants  should  not  be  disturbed  for  at  least  six  days.  If 
the  soil  becomes  packed  and  hard,  a  furrow  should  be  run  on  each  side 
of  the  row,  using  a  small  straight  plow  and  letting  it  run  well  down. 
This  should  be  followed  immediately  by  two  sweep  furrows,  which  will 
put  the  plants  on  a  smooth  ridge.  The  hoe  is  then  used,  carefully  stir- 
ring the  soil  about  the  plants.  From  this  point  on  the  cultivation 
should  be  rapid  and  shallow.  When  the  plants  begin  to '^button" 
cultivation  should  stop.  Early  or  low  topping  is  not  desirable,  as  it 
throws  too  much  growth  in  the'leaves,  making  them  large  and  coarse. 
There  should  be  14  to  16  leaves  to  the  stalk  after  a  plant  is  topi>ed. 
After  the  plants  are  topped,  suckers  will  start  at  each  leaf.  These 
must  be  broken  off  at  least  twice  each  week.  Of  course  in  plowing 
and  hoeing  great  care  is  exercised  to  preserve  the  soundness  of  the 
leaves. 

The  battle  with  the  worm  begins  in  the  seed  bed  and  does  not  end 
until  the  tobacco  is  harvested.  As  soon  as  the  plant  begins  to  grow 
after  being  transplanted,  a  preparation  is  made  of  Paris  green  and 
meal,  mixed  well  together,  at  the  rate  of  one  tablespoonful  of  Paris 
green  to  one  gallon  of  meal.  This  is  sprinkled  directly  in  the  bud  of 
the  plant,  and  its  use  is  continued  until  the  plant  is  topped.  By  apply- 
ing this  with  great  care  twice  a  week  the  bud  worm,  which  is  the  greatest 
enemy  of  the  crop,  is  kept  off.  The  horn  worm  is  also*  a  great  pest 
Poisoning  is  resorted  to  in  order  to  get  rid  of  it,  using  cobalt  and 
strychnine  mixed  with  honey.  One  drop  of  this  mixture  is  put  in  each 
blossom  of  the  Jamestown  weed.  The  blossoms  are  distributed  over  the 
fields  in  little  stands  prepared  for  this  purpose,  the  stands  being  about 
6  feet  high,  so  as  to  enable  the  blossoms  to  be  seen  above  the  tobacco 
plants.  The  horn-fly  is  attracted  to  the  blossom,  and  one  sip  of  its 
poisoned  contents  proves  deadly.      In  this   way  many  of  the  horn 
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flies  are  destroyed.  However,  as  this  means  of  extermination  can  not  be 
depended  apon  entirely,  a  force  of  help  is  kept  continaally  going  over 
the  field  picking  off  the  worms. 

HAKVRBTING. 

As  soon  as  the  first  leaves  at  the  bottom  of  the  stalk  begin  to  ripen 
harvesting  is  began  by  placking  off  the  first  fonr  leaves  from  the  bot- 
tom and  tran8i)orting  them  to  the  curing  sheds  in  baskets.    These 
baskets  are 36  inches  long,  18  inches  wide,  and  12  inches  deep,  holding 
about  COO  leaves,  or  enough  to  fill  20  laths.    These  baskets  are  carried 
from  the  field  to  the  curing  shed  by  men,  if  the  curing  shed  is  near;  if 
not,  they  are  carried  in  wagons.    Each  wagon  has  a  frame  that  will 
carry  16  of  these  baskets,  thus  in  one  load  transporting  9,600  leaves, 
enough  to  fill  220  laths.    On  reaching  the  curing  sheds  these  baskets 
are  received  by  the  foreman  of  the  bam  work,  who  places  them  on  tables, 
around  which  he  has  a  number  of  women  engaged  in  ^'stringing." 
They  take  the  tobacco  from  the  baskets  and  put  it  on  strings  by  means 
of  large  needles.     The  leaves  are  placed  back  to  back  and  face  to  face. 
This  is  done  to  prevent  the  leaves  from  cupping  or  folding  over  each 
other.    Thirty-five  or  40  leaves  are  put  on  one  string,  according  to  the 
size  of  the  leaf.     Each  end  of  the  string,  as  soon  as  filled,  is  attached 
to  a  lath  4  feet  4  inches  long,  and  the  leaves  are  evenly  distributed 
aloDfr  the  string.     The  lath  is  then  hung  in  the  barn,  where  it  remains 
antH  the  leaves  are  cured.    The  method  of  stringing  the  leaves  is 
shown  in  Plate  IT,  fig.  2. 

If  the  tobacco  gives  promise  of  being  ^<  wrapper,"  that  is,  if  it  is  light 
g^een,  very  sound  in  leaf,  and  of  desirable  size,  it  should  be  ''primed" 
at  an  early  stage  of  ripening.  If,  however,  appearances  indicate  that 
it  will  prove  '^filler"  tobacco,  it  should  be  allowed  to  thoroughly  ripen. 
After  priming  six  or  eight  leaves  the  remainder  will  ripen  sufficiently 
near  the  same  time  to  permit  the  cutting  of  the  stalks.  When  the 
stalk  ift  cut  it  is  placed  on  what  is  called  a  hand  barrow,  carried  by  two 
men.  These  barrows  will  hold  about  eighty  stalks,  or  enough  to  fill 
ten  laths.  On  reaching  the  barn  these  barrows  are  placed  on  a  table 
and  the  stalks  are  immediately  put  on  laths  by  means  of  a  spear  fitted 
on  the  end  of  the  lath,  eight  or  ten  stalks  being  put  on  each  lath. 
These  laths  are  then  put  in  the  barn  just  where  they  will  remain  until 
the  tobacco  is  cured. 

If  the  soil  is  rich  and  the  season  propitious  a  second  profitable  crop 
can  be  produced  from  the  suckers.  As  soon  as  the  original  crop  is 
topped  suckers  will  sprout  from  each  leaf.  These,  of  course,  should  be 
broken  off  as  soon  as  they  appear,  otherwise  they  will  sap,  hinder,  and 
check  the  growth  of  the  leaves.  When  all  of  the  leaves  have  been 
primed  from  the  original  stalk,  except  the  four  or  six  leaves  at  the  top, 
two  suckers  should  be  allowed  to  grow  from  the  bottom  of  the  stalk. 
These  two  will  be  well  started  by  the  time  the  top  leaves  of  the  original 
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stalk  are  ripe.  The  stalk  should  then  be  cat  just  above  where  the 
Backers  Bproat  and  cultivation  should  begin  at  once,  the  soil  being 
brought  up  around  the  old  stubble.  The  suckers  should  not  be  allowed 
to  have  more  tban  six  leaves  each.  The  growth  of  these  will  be  rapid 
and  they  will  mature  quickly.  When  ripe  the  leaves  should  not  be 
primed,  bat  the  stalks  should  be  cut.  It  is  often  the  case,  where  the 
seasons  are  favorable,  that  the  suckers  will  be  very  fine  in  quality  for 
filler  purposes.  Where  the  original  crop  yields  600  pounds  per  acre  it 
is  often  the  case  that  400  pounds  can  be  produced  from  the  second 
growth  or  sucker  crop.  As  soon  as  all  of  the  tobacco  is  harvested,  the 
stnbble  is  dug  or  pulled  up  and  the  field  sown  In  cowpe^^s.  In  about 
three  weeks  the  pea  vines  will  cover  the  ground,  thus  protecting  it 
from  the  midsummer  sun.  In  the  fall  the  vines  are  plowed  under  and 
prove  of  great  benefit  to  the  soil. 

CURING. 

When  the  tobacco  is  primed  from  the  stalk  it  should  not  take  longer 
than  two  weeks  to  cure;  when  hung  on  the  stalks  three  or  four  weeks 
are  necessary.  The  manipulation  of  the  barn  or  curing  shed  is  entirely 
governed  by  the  condition  of  the  weather  and  the  nature  of  the  tobacco, 
and  no  fixed  rule  or  rules  can  be  given.  However,  in  a  general  way  it 
may  be  said  that  if  a  barn  is  filled  with  green  tobacco,  and  the  weather 
is  hot  and  dry,  the  ventilators  should  be  tightly  closed  for  about  three 
days,  by  which  time  the  tobacco  will  be  quite  yellow.  The  barn  should 
then  be  opened  at  night  and  kept  closed  during  the  day.  This  is  done 
to  prevent  rapid  curing,  as  rapid  curing  destroys  the  life  of  the  leaf 
and  gives  uneven  colors.  If  there  are  frequent  showers  and  but  little 
sunshine,  the  barn  should  be  closed  and  fires  started  in  small  charcoal 
heaters  distributed  throughout  the  barn.  These  fires  should  be  con- 
tinued as  long  as  is  necessary  to  keep  the  barn  in  proper  condition. 
Where  the  charcoal  heaters  are  not  available,  wood,  which  has  little 
odor  and  as  little  smoke  as  possible  should  be  used  as  the  smoke  is 
taken  up  by  the  tobacco  and  the  odor  of  it  is  noticeable  long  after  the 
tobacco  is  cured.  It  is  very  important  to  dry  out  the  barn  without 
giving  the  tobacco  any  foreign  odors.  To  obtain  the  best  results  the 
tobacco  should  become  fairly  moist  and  be  fairly  dried  out  once  in  every 
twentyfour  hours. 

When  the  stems  of  the  leaves  are  thoroughly  cured  they  are  ready 
to  be  taken  to  the  packing  house.  To  get  the  tobacco  iu  a  condition  to 
be  handled  all  of  the  places  for  ventilation  are  left  open  for  one  night, 
opening  them  about  6  o'clock  in  the  evening.  The  next  morning  the 
tobacco  will  be  in  what  is  called  <^good  case;"  that  is,  it  will  have 
taken  up  moisture  and  become  soft  and  pliable.  The  barn  is  then 
tightly  closed  in  order  to  retain  the  moisture.  The  tobacco  is  taken 
from  the  poles  and  stripped  from  the  stalk  or  taken  from  the  string,  as 
the  case  may  be,  and  is  packed  in  bundles  that  weigh  from  35  to  40 
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ponnds.  These  bnndles  are  made  by  means  of  a  box  SO  inches  long,  12 
inehes  wide,  and  12  inches  deep.  Strings  are  placed  at  even  distances 
deross  the  box  and  pressed  down  well  into  little  notches  cat  in  the 
edge  of  the  side.  A  sheet  of  paper,  28  inches  by  50  inches,  is  then  laid 
inside  the  box,  on  which  the  tobacco  is  put,  placing  the  heads  of  the 
leaves  to  each  end  of  the  box  and  allowing  the  tips  to  lap  in  the  center. 
When  the  box  is  well  filled  the  paper  is  folded  over  the  top  and  the 
strings  secarely  tied.  This  gives  a  neat  and  easily  handled  package. 
In  this  condition  it  is  delivered  to  the  packing  honse  as  qaiekly  as  pos- 
sible. In  the  barn  the  following  grades  are  kept  separate — ^bottom 
ksives,  middle  leaves,  and  top  leaves — each  package  being  marked  to 
show  its  contents.    This  ends  the  work  of  the  farmer. 

CULTIVATION   OF   SUMATRA  TOBAOGO  IN  FLORIDA. 
SRI^CTIOK  AND  PREPARATION  OK  SEED   BED. 

All  that  has  been  written  relative  to  the  selection  of  the  land  and 
the  preparation  of  seed  beds  for  the  Oaban  tobacco  applies  to  the  Sa- 
matra  as  well,  except  that  the  Sumatra  beds  are  sown  later.  It  is  the 
aim  of  the  farmer  to  get  all  of  the  Cuban  crop  set  out  by  May  15,  about 
▼hich  time  the  setting  of  the  Sumatra  crop  begins.  The  setting  of  the 
Somatra  crop  is  finished  about  the  15th  or  20th  of  June.  All  the  seed 
beds  must  be  sown  with  the  view  of  having  the  plants  when  needed. 

FIELD  WORK. 

New,  low  hammock  is  decidedly  the  best  land  on  which  to  grow 
Sumatra  tobacco.  The  soil  should  be  light  gray  with  a  clay  subsoil. 
Somatra  tobacco  must  have  a  rapid  growth'  in  order  to  produce  light, 
thin  wrappers,  and  if  the  land  is  not  rich  it  must  be  made  so  by  fertil- 
izers. A  little  complete  guano,  not  exceeding  200  pounds  per  acre,  may 
be  used  to  stimulate  the  plants  at  the  early  stage  of  growth.  Gotten 
Beed,  cotton-seed  meal,  and  cotton.seed  hull  ashes  are  generally  consid- 
ered the  best  fertilizers  for  tobacco.  If  a  great  quantity  of  cotton  seed 
is  used  it  should  be  crushed  and  scattered  broadcast  over  the  land  and 
plowed  in.  This  is  done  about  six  weeks  before  the  time  for  setting  the 
plants.  The  quantity  of  fertilizer  is  governed  in  all  cases  by  the  orig- 
inal strength  of  the  land.  When  not  more  than  75  or  100  bushels  of  cotton- 
sei  d  per  acre  are  used  they  are  put  in  the  drill.  This  is  done  by  bed- 
ding out  the  land  about  four  weeks  before  tbe  time  of  setting  the  plants, 
immediately  after  which  the  fertilizer  is  evenly  distributed  along  the 
water  furrow  and  covered  with  two  furrows.  This  is  allowed  to  remain 
about  three  weeks,  when  a  10-inch  solid  sweep  is  used  to  break  out  the 
list  in  which  the  fertilizer  has  been  put,  letting  the  plow  run  well  down, 
thns  mixing  the  fertilizer  with  the  soil.  This  furrow  is  followed  imme- 
diately by  two  other  furrows,  throwing  the  soil  back  and  making  a 
ridge  on  which  to  set  the  plants.    Before  setting  out  the  plants  the 
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tops  of  these  ridges  are  knocked  off  with  a  hoe  or  board,  leaving  thei 
smooth  and  flat  The  plants  are  given  a  distance  of  12  inches  in  tb 
drill.  Of  coarse  great  care  is  used  to  make  every  plant  live,  as  a  nni 
form  growth  is  essential  if  a  uniform  crop  is  to  be  harvested.  Two  a 
three  days  after  the  first  setting  the  field  is  gone  over,  putting  fired 
plants  wherever  one 'of  the  original  setting  seems  to  be  drooping  a 
dying. 

The  cultivation  is  the  same  as  that  given  the  Ouban  variety,  andi 
must  be  rapid  and  shallow.    The  ground  should  be  stirred  at  \i 
once  each  week  until  the  plants  begin  to  bud,  at  which  time  cultival 
should  stop.    It  is  very  essential  that  the  plants  should  have  a 
tinuous,  rapid  growth  from  beginning  to  maturity^  they  are  often  gii 
a  second  application  of  fertilizer.    For  this  cotton- seed  meal  or  col 
seed-hull  ashes  are  usually  applied  when  the  plants  are  12  or  14  in< 
high.    This  fertilizer  will  be  available  when  most  needed  by  the  pi 
furnishing  as  it  does  food  for  the  many  feeders  or  surface  roots. 

The  same  means  used  for  keeping  the  worms  off  the  Cuban  crop 
also  used  in  the  case  of  the  Sumatra^  and  as  the  principal  value  of 
Sumatra  plant  is  its  wrapper  leaves,  great  care  is  exercised  to  presei 
the  soundness  of  the  leaf.  The  Sumatra  tobacco  is  topped  higher  thf 
the  Cuban ;  that  is,  only  the  seed  bud  is  taken  out,  and  all  of  the  lea^ 
are  allowed  to  grow.  If  the  land  is  exceedingly  rich  it  is  found  bed 
not  to  top  at  all,  but  to  allow  the  plants  to  go  to  bloom.  To  top  in  thai 
case  causes  the  leaves  to  thicken  and  curl.  It  has  been  found  b| 
experience  that  Sumatra  tobacco  should  be  harvested  at  an  early  stag< 
of  ripeness,  as  the  leaves  will  cure  lighter  and  be  more  elastic,'  that  is 
it  will  have  more  life.  It  is  usual  to  take  four  to  six  leaves  at  eacl 
priming,  thus  going  over*  the  field  four  or  five  times  before  the  wbol< 
crop  is  harvested.  The  methods  and  means  of  transporting  this 
tobacco  to  the  curing  shed  are  the  same  as  employed  in  transxK>rtins 
the  Cuban  variety,  and  the  work  in  the  bam  or  curing  shed  is  also  the 
same.  The  first  priming,  which  means  the  first  four  leaves  taken  from 
the  stalk,  also  the  last  priming,  which  means  the  last  four  or  six  leaves 
taken  from  the  top  of  the  stalk,  are  kept  separate.  Thus  there  ar« 
three  grades,  as  follows:  Bottom  leaves,  middle  leaves,  and  top  lea^&BS. 

When  the  tobacco  is  sufficiently  cured  it  is  packed  in  paper  bundles, 
the  same  as  described  under  Cuban  tobacco,  and  delivered  to  the  pack- 
ing houses,  each  bundle  being  marked  so  that  its  contents  can  be  knowu. 

NEW  V.  OLD  LAND. 

As  stated  in  the  beginning  of  this  article,  new,  low  hammock  land 
is  necessary,  or  has  been  so  considered.  Some  excellent  Sumatra  has 
been  grown  on  old  land,  but  this  is  decidedly  the  exception  and  not  tbe 
rule.  However,  in  1896,  as  an  experiment,  a  New  York  company  oper- 
ating in  Gadsden  County,  Fla.,  built  a  shed  over  1  acre  of  old  land. 
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The  shed  or  arbor  was  9  feet  high  and  covered  with  laths,  giving  only 
half  cover;  that  is,  the  laths  were  2  inches  wide  and  were  placed  2 
inches  apart,  so  that  there  was  half  sunshine  and  half  shade.  This 
acre  was  made  very  rich  and  Sumatra  tobacco  was  planted.  The  result 
was  all  that  could  have  been  hoped  for,  as  they  harvested  a  finer  crop 
than  had  ever  before  been  raised  on  the  finest  hammock  land.  In  1897 
they  increased  their  experiment  to  5  acres,  the  result  being  as  good  as 
in  1896.  In  the  following  year,  1898,  this  concern  planted  more  than 
200  acres  on  old  land,  under  shade,  harvesting  about  800  pounds  per 
acre^  and  they  claim  that  at  least  50  per  cent  was  wrapper.  1  have 
examined  these  tobaccos  and  I  am  sure  that  the  island  of  Sumatra 
has  never  produced  a  finer  type  of  wrapper  leaf;  and,  what  is  more, 
this  tobacco  is  just  as  acceptable  to  the  trade  as  the  finest  imported 
Sumatra.  All  the  farmers  who  are  able  to  do  so  are  building  shades, 
and  I  think  there  will  be  at  least  600  acres  planted  under  shade  in 
Gadsden  County  this  year. 

FEBMBNTINa,      aBADING,     SOBTING,    AND     BALING     FLOBIDA-GBOWN 

CUBAN  TOBAOOO. 

When  the  tobacco  is  first  received  from  the  curing  shed  it  should  be 
divided  into  the  following  grades:  Medium  to  light  leaves,  medium  to 
dark  leaves,  and  fillers,  making  three  sizes  to  each  grade.  It  should 
then  be  tied  in  hands,  about  fifty  leaves  to  the  hand.  This  assortment 
is  made  to  ^ve  each  grade  of  tobacco  such  curing  in  bulk  as  it  may  need. 
As  soon  as  the  tobacco  is  tied  in  hands,  proceed  to  bulk  it.  The  light, 
thin  tobacco,  which  needs  but  little  curing,  is  put  in  small  bulks  of 
fiom  3,000  to  5<»000  pounds;  the  medium  to  dark  tobacco  is  put  in  bulks 
of  from  8,000  to  10,000  pounds,  as  more  curing  is  required  for  the  dark 
tobacco.  The  fillers  should  be  put  in  bulks  of  from  10,000  to  15,000 
pounds,  as  they  need  thorough  curing,  and  the  larger  the  bulk  the  more 
internee  is  the  heat.  Allow  these  bulks  to  remain  from  six  to  eight 
days,  according  to  the  condition  of  the  tobacco  when  bulked,  then 
proceed  to  rebulk  in  the  following  manner:  Six  or  eight  cases  should 
be  filled  with  tobacco  taken  from  the  top  of  the  bulk  and  then  set  to 
one  side.  Then  take  tobacco  from  the  old  bulk  and  lay  the  foundation 
of  the  ue^r,  continuing  until  the  bulk  is  about  half  removed.  Take  the 
tol>acco  from  the  six  cas^s  first  removed  from  the  top  of  the  bulk  and 
lint  on  tlie  new;  refill  these  six  cases  with  the  tobacco  from  the  center 
of  the  old  bulk,  again  setting  these  to  one  side;  proceed  to  take  the 
remainder  of  the  old  bulk  and  put  on  the  new  until  the  old  balk  is 
entirely  removed;  then  take  the  six  cases  that  were  taken  from  the 
center  of  the  old  bulk  and  put  this  tobacco  on  top  of  the  new.  Thus 
the  top  and  bottom  of  the  old  bulk  have  become  the  center  of  the  new 
one.  The  outside  layers  are  also  put  in  the  center  of  the  new  bulk, 
ilnd  the  center  layers  of  the  old  bulk  become  the  outer  layers  of  the 
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new.  These  bulks  are  made  about  6  feet  wide  aod  12  feet  long,  tte  i 
length  and  width  being  governed  by  the  qnantity  to  be  bulked.  In  all 
cases  the  length  and  width  of  the  bulk  should  be  so  arranged  tiral^ 
when  finished  it  will  be  at  least  6  feet  high.  \ 

After  the  bulk  has  been  once  repiled  allow  it  to  remain  about  ten ' 
days,  when  the  same  process  of  rebulking  should  be  repeated.  Thei 
second  time  the  tobacco  is  rebulked  it  should  be  allowed  to  remain 
about  fifteen  days,  and  if  the  tobacco  had  sufficient  moisture  in  the 
beginning  the  wrappers  at  the  end  of  that  time  should  be  sufficiently 
cured  to  assort  and  bale.  The  fillers  and  low  grades  of  wrapper  call' 
not  be  entirely  cured  with  the  moisture  the  tobacco  had  when  received 
from  the  curing  shed.  These  grades  are  allowed  to  remain  in  bulk 
until  they  are  thoroughly  dried  out,  and  they  are  then  given  moistars 
by  dipping  them  into  water.  If  the  tobacco  is  fiimsy  and  has  but  little 
gum,  a  preparation  should  be  made  of  stem  juice.  This  is  done  by 
boiling  Havana  stems  and  pressing  them  well,  making  the  juice  quite 
thick,  then  adding  1  bucket  of  juice  and  about  1  gallon  of  sour  wine  to 
a  tub  of  water.  Dip  the  heads  of  the  tobacco  about  4  inches  into  the 
water  and  shake  well,  thus  distributing  the  water  through  the  leaves. 
The  tobacco  should  then  be  lightly  laid  into  cases  and  allowed  to  remain 
for  about  twenty-four  hours,  by  which  time  the  moisture  will  have  been 
taken  up  and  the  tobacco  become  uniformly  soft.  Then  proceed  to 
bulk  as  before,  keeping  a  close  watch  and  rebulking  from  time  to  time 
as  the  tobacco  may  need,  until  it  is  thoroughly  cured. 

The  above-described  work  should  be  done  in  a  room  prepared  for  this 
purpose  called  the  sweat  room.  Steam  pipes  should  run  through  this 
room,  the  pipes  being  so  arranged  that  the  room  can  be  filled  with 
steam  whenever  desired.  Tbe  mean  temperature  of  the  room  should 
be  about  75°.  When  filling  the  room  with  steam  all  tobacco  should  be 
covered  with  blankets.  The  steam  is  not  used  to  soften  the  tobacco, 
but  to  prevent  it  from  drying  out,  which  it  will  do  if  the  air  is  allowed 
to  get  warm  and  dry.  The  temperature  given  above  should  be  kept 
throughout  the  entire  building,  as  it  is  desirable  to  keep  the  tobacco  in 
about  the  same  atmosphere;  that  is,  the  tobacco  should  never  be  taken 
from  a  warm  room  to  a  cold  one  while  in  the  process  of  manipulation. 

The  best  grades,  of  course,  should  always  receive  attention  first 
As  soon  as  sufficiently  cured,  proceed  to  assort  and  classify,  making 
the  following  grades :  Light,  medium  colored,  and  dark  wrappers ;  light, 
medium-colored,  and  dark  seconds.  Make  four  lengths  of  each  grade 
as  follows:  12, 14, 16,  and  18  inches.  The  first  three  grades  represent 
the  perfect  leaves,  the  next  three  gi  ades  the  imperfect,  uneven-colored 
leaves.  In  making  these  assortments  measured  tills  should  be  pro- 
vided to  receive  each  grade;  each  till  being  marked  to  show  just  what 
grade  it  contains,  thus  avoiding  the  possibility  of  mixing  the  various 
grades.  With  a  force  of  a!)out  fifty  women  assorting,  one  inspector  hf 
each  grade  is  necessary;  that  is,  there  should  be  one  man  who  thoroughly 
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mderstBDds  the  classifying  of  tobacco  to  receive  the  light  wrappers 
iDtl  to  go  through  tbem  carefally  and  see  that  no  leaves  are  put  in  that 
lo  not  rightly  belong  tbere.  Each  grade  should  be  iuspected  in  like 
Banner,  after  which  it  is  handed  over  to  the  foreman  of  the  tiers.  It  is 
Ilea  tied  into  bands,  thirty-flve  to  forty  leaves  constituting  a  hand, 
Hid  packed  carefully  into  cases,  great  care  being  taken  to  keep  the 
eaves  even  and  smooth.  The  foreman  should  pat  a  ticket  on  each  case 
oshow  its  contents.  The  tobacco  remains  in  these  cases  for  three  or 
bur  days,  by  which  time  the  moisture  in  the  leaf  becomes  nniform, 
rben  give  the  tobacco  to  the  "carrot"  makers,  who  will  make  it  into 
f  bat  is  called  Caban  carrots ;  that  is,  four  hands  are  tied  together,  the 
leads  being  evened  and  the  tobacco  wrapped  from  head  to  tip  with 
L^aban  bast.  Care  shonld  be  taken  to  have  the  outside  leaves  very 
iBOOth,  thus  making  a  neat 
tmndle  of  tobacco  which 
veighs  from  1  tol^  poonds, 
Kcording  to  the  size  of  the 
ieaf,  thickness,  ete.  Assoon 
■8  the  carrots  are  made  pro- 
ceed to  put  them  in  bales, 
eighty  carsots  constituting 
I  bale,  the  material  nsed 
being  the  same  as  is  used 
in  Cnba  (6g.  I).  When  the 
package  or  bale  is  com- 
plete, it  is  identical  in  ap- 
pearance with  those  put  np 
in  Havana.  (See  Pis.  V, 
VI,  VII.) 

As  stated  in  the  begin- 
ning of  this  article,  the  to- 
btcco  is  divided  into  three 
grades  when  it  is  flret  re- 
ceived into  the  packing  bouse.  The  first  handled  is,  of  course,  the 
grade  from  which  the  light  wrappers  are  to  be  made.  In  this  final 
wlection  there  will  be  s  lot  of  low-grade  goods  which  must  be  used  for 
fillers,  and  of  coarse  these  will  not  be  sufficiently  cured  for  baling.  So 
the  low  grade,  or  filler  goods,  are  tied  in  hands  and  bulked  down  for 
further  caring.  In  making  this  bulk  the  tobacco  shonld  be  '*  petnoed," 
if  necessary. 

The  following  preparation  is  used  as  a  petaning  solution  by  the  best 
packers:  To  make  a  mixture  of  5  gallons,  use  2  gallons  of  Xew  England 
ram,  1  gallon  of  soar  wine,  one  half  pint  tincture  valerian,  1  ounce  of 
oil  of  anise  seed,  one  bal  f  gallon  black  cofi'ee,  1  onnce  pulverized  cloves, 
lonnce pulverized  cinnamon,  2  pounds  licorice  paste  dissolved  in  water, 
and  snfflcient  water  to  make  up  0  gallons.  Mix  this  well  and  allow  it 
«7i-So.  62 2 


Fie.  I Tbs  Caban  pr«u  or  baling  ft*m«  wllb  the  itloli* 


18 

to  remain  for  24  hoars.  As  the  filler  tobacco  is  balked  each  layer  shoald 
be  sprayed  with  this  preparation,  asing  a  fine  atomizer  for  the  purpose. 
This  should  be  doue  with  great  care,  as  the  idea  is  simply  to  give  the 
tobacco  a  rich  aroma,  sach  as  is  foand  in  the  best  Cuban  goods^ 

These  bulks  are  turned  or  rebulked  from  time  to  time  as  maybe 
require<l.  When  the  tobacco  is  snfQciently  cured  and  aged  it  is  made 
up  into  Cuban  carrots  and  baled.  At  this  stage  the  odor  of  the  i>etane 
used  may  be  noticeable,  but  after  the  tobacco  has  remained  in  the  bale 
for  two  or  three  months  it  can  not  be  detected.  The  tobacco  will  have 
a  rich  aroma  similar  to  the  imported  Cuban  tobacco.  The .  upper 
grades,  that  is  the  wrappers,  should  in  no  case  be  petuned,  only  the 
fillers  or  low  grades  being  so  treated. 

All  trashy,  fiimsy  tobacco  should  be  thrown  out,  and  only  the  good, 
clean  leaves  put  in  carrots.  The  biidly  torn  and  trashy  tobacco  shoold 
be  put  through  a  hard  sweat.  Thebe  goods  should  be  petuned  liber- 
ally, thoroughly  cured,  and  stemmed;  that  is,  the  stem  should  be  taken 
out,  leaving  about  2  inches  of  stem  at  the  tip  of  the  leaf.  The 
leaves  should  then  be  carefully  smoothed  out  and  put  into  pads,  called 
by  the  trade  '^book  d  fillers."  These  are  placed  on  screens  and  allowed 
to  become  quite  dry.  They  are  then  taken  up  and  put  in  cases,  care 
being  taken  to  keep  the  pads  straight  and  all  the  tips  of  the  l^ives 
pointing  in  the  same  direction.  As  this  tobacco  is  placed  in  the  case 
it  should  again  be  petuned,  using  a  fine  atomizer  and  lightly  blowing 
eac*.h  layer.  The  tobacco  remains  in  these  cases  three  or  four  days,  by 
which  time  the  petune  will  be  thoroughly  taken  up  by  the  tobacco. 
Then  the  tobacco  should  be  baled.  In  baling  great  care  should  be  used 
to  keep  the  pads  straight,  and  the  tips  of  the  leaves  should  point  to 
the  center  of  the  bale.  In  making  ''book  d  fillers"  many  scraps  oi 
small  pieces  of  leaves — ^too  small  to  put  in  the  ''book  d^  goods — will 
accumulate.  These  scraps,  or  picadura,  as  they  are  called  by  the  trade 
shoald  be  thoroughly  cleaned,  picking  out  all  stems  and  shaking  the 
scraps  in  a  coarse  sieve,  thus  getting  out  all  sand,  etc.  Spread  oai 
and  allow  the  scraps  to  become  dry,  after  which  pack  them  up  in  cases 
petuning  with  the  same  care  as  with  the  "  book  d  fillers."  Allow  thea 
to  remain  in  the  cases  two  or  three  days  and  then  bale. 

As  to  the  care  of  the  tobacco  after  it  is  baled,  that  depends  on  t 
condition  of  the  weather  and  the  nature  of  the  tobacco.    The  ball 
containing  wrappers  should  be  stored  in  a  cool  place,  so  that  fermen 
tion  will  cease.    The  bale  shoald  be  stood  on  one  end  for  the  first  t 
or  three  weeks  after  baling,  reversing  it  about  three  times  each  w 
After  that  time  the  bales  may  be  laid  fiat  and  stacked  three  or  f< 
deep,  reversing  this  position  at  least  once  each  week  antil  the  tob 
has  become  well  aged  and  dried  out.    After  this,  only  a  general  care 
necessary.    The  low  grades,  when  it  is  desired  that  some  ferment 
should  go  on  even  after  the  tobacco  is  baled,  should  be  stored  in  a  cl 
warm  room'  and  stacked  about  four  bales  deep.    The  position  of  thi 
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-psk^  should  also  be  reversed  at  least  once  a  ^eek  until  fermentation 
^ops.  The  wrapper  grade  should  be  ready  for  use  after  being  in  the 
iDsle  three  months,  while  the  fillers  should  remain  iu  bales  at  least  six 

months. 

THB  MAN^IPXJLATION'   AND  PACKING  OP  SITSiATBA  TOBACCO. 

When  the  tobacco  is  received  from  the  plantation,  it  should  immedi- 
iteiy  be  taken  from  tlie  package  and  divided  into  three  grades,  as  fol- 
lows: Light  thin  leaves;  medium- weight  leaves  of  medium  color;  and 
lark  heavy  leaves.     Then   it  should  be  tied  into  small  bundles  of 
about  50  leaves  to  a  bundle  and  put  in  bulks  of  from  3,000  to  5,000 
pounds  each.     Tbis  division  is  made  in  order  to  give  to  each  grade  just 
the  amoant  of  curing  needed.    Keep  the  room  in  which  these  bulks 
are  made  at  a  temperature  of  75^.    This  is  done  by  means  of  steam 
pipes  running  througb  the  building. '  Also  have  the  pipes  so  arranged 
tiiat  the  room  can  be  filled  with  steam,  thus  making  the  air  soft  and 
moist.    These  bulks  are  to  be  watched,  turned,  and  rebulked  from  time 
to  Ume  in  the  same  manner  as  Cuban  tobacco.    There  are  no  fixed  rules 
by  which  this  work  can  be  done,  as  the  condition  and  type  of  tobacco 
govern  the  work  in  all  cases.     Every  effort  should  be  made  to  sweat 
this  tobacco  to  a  finish  with  what  moisture  it  has  when  received  from 
the  curing  shed.    This  can  be  accomplished  if  the  tobacco  is  delivered 
from  the  farm  iu  a  proper  condition.    This  is  especially  true  if  the 
tobacco  is  light  and  thin,  as  but  little  heat  is  needed  to  finish  its 
curing;  but  if  the  tobacco  is  heavy  and  gummy,  it  inevitably  becomes 
necessary  to  use  water  to  force  the  curing. 

It  is  the  experience  of  the  packers  that  there  is  nothing  more  suicidal 
than  to  offer  to  the  trade  raw,  uncured  tobacco.    It  must  be  cured  even 
at  tbe  expense  of  color,  etc.    Light  tobacco  is  made  in  the  field,  not  in 
the  curing  shed  or  packing  house.    Thin  light  tobacco  will  cure  out 
thin  and  light.    Heavy,  gummy  tobacco,  though  light  in  color  when 
taken  from  the  x>oIes  or  curing  shed,  will  be  dark  when  sufficiently 
cured  for  use.    It  is  often  the  case  that  tobacco  which  is  thin,  light, 
and  very  fine  is  delivered  to  the  packer  from  the  farm  in  an  exceed- 
ingly dry  condition.    This  tobacco  must  be  softened ;  but  to  give  it 
water  is  risky,  whether  the  water  is  applied  by  dipping  or  by  spray- 
ing.    Even  in  using  a  very  fine  atomizer  it  will  get  water  stains.    The 
following  method  is  therefore  adopted: 

After  softening  up  a  lot  of  low-grade  goods  pile  in  a  great  heap,  and 
allow  it  to  remain  until  it  becomes  very  hot.  Take  this  hot  tobacco 
and  make  a  bed  about  5  feet  wide,  10  feet  long,  and  1  foot  thick;  then 
lay  a  strip  of  paper  about  12  inches  wide  across  the  end  of  the  pile 
and  begin  bulking  the  dry  totfacco.  Allow  the  body  of  the  leaves  to 
lie  on  the  paper  and  the  head  of  the  hand  to  rest  on  the  hot  tobacco, 
running  rows  across  the  bulk.  Begin  again,  allowing  the  next  layer 
to  rest  on  the  first  with  the  heads  of  the  hands  pulled  a  little  forward. 
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resting  on  tbe  hot  or  wet  tobacco.  This  is  continued  the  entire  length 
of  the  bulk.  Then  reverse  the  order,  allowing  the  heads  of  the  baods 
to  point  up,  droiipiog  each  layer  back  so  that  about  5  inches  of  tbe  \ 
head  will  show.  This  is  continued  until  the  full  length  of  the  bulk  has 
been  covered,  leaving  nothing  exposed  on  the  top  but  the  heads  of  tbe 
hands,  all  tips  and  bodies  of  the  leaves  beiug  in  the  center.  Put  on 
another  thick  layer  of  wet  tobacco  and  the  strip  of  paper,  and  balk 
again  as  before.  Continue  this  until  the  bulk  reaches  the  heiglitof 
5  or  6  feet;  then  cover  well  with  low-grade  stuff  aud  Allow  the  bulk 
to  remain  five  or  six  days,  by  which  time  the  dry  tobacco  will  have 
taken  up  sufficient  moisture  and  heat  from  the  wet  tobacco  to  be  ready 
for  the  assorters.  In  this  way  the  possibility  of  water  stains  is  avoided 
and  the  tobacco  comes  out  soft  and  clean. 

Proceed  to  assort  in  the  following  grades,  making  four  sizes  each: 
Light  plain  wrappers,  light  spotted  wrappers,  medium -colored  plain 
wrappers,  medium-colored  spotted  wrappers,  dark  plain  wrappers,  and 
dark  spotted  wrappers.  Make  the  same  number  of  grades  in  secondis. 
The  seconds  are  leaves  slightly  broken  and  uneven  in  color.  Thus  we 
have  twelve  assortments  of  wrappers  of  four  sizes  each;  in  all,  forty- 
eight  grades.  As  in  the  handling  of  Cuban  tobacco,  there  should  be  an 
inspector  for  each  of  these  assortments,  who  will  take  great  care  that  a 
proper  assortment  is  made.  The  tobacco  is  then  given  to  the  foreman 
of  the  tiers,  who  has  it  tied  in  hands,  putting  thirty- five  to  forty  leaves 
in  each  hand.  It  is  again  put  in  bulk,  packing  fan  shaped — that  is,  the 
leaves  when  tied  are  folded  once  and  the  hand  is  carefully  flattened. 
The  bulks  are  narrow  and  so  arranged  that  the  tobaeco  will  slowly  age 
and  dry  out.  When  sufficiently  dry,  it  is  packed  in  matting  just  as  is 
done  in  Sumatra.  After  finishing  the  wrapper  grade  take  up  the  filler 
portion,  giving  it  the  same  treatment  as  is  given  the  Cuban  tobacco, 
putting  the  sound  leaves  in  carrots  and  stemming  the  lower  grade  for 
"book  d  fillers."  With  this  the  work  of  the  packer  ends  and  the  work 
of  the  salesman  is  in  order  (PL  VIII,  fig.  2). 

DEVELOPMENT  OP  THE  TOBACCO   INDUSTEY  IN  FLOBIDA. 

The  cultivation  of  tobacco  in  Florida  is  not  a  new  industry,  but  an 
old  one  revived.  Far  back  in  the  forties  and  fifties  Gadsden  County 
became  famous  for  the  fine  wrapper  leaf  produced  there.  The  industry 
thrived  until  the  civil  war,  but  from  that  time  until  1888  the  production 
of  tobacco  in  Florida  was  so  small  that  it  attracted  but  little  attention. 
In  1880  only  about  90  acres  were  grown  in  the  State;  in  1890  the  acre- 
age had  increased  to  more  than  1,000  acres;  and  in  1898  there  were  at 
least  8,000  acres,  giving  a  yield  of  4,000,000  pounds.  After  the  close  of 
tlie  war  a  few  farmers  continued  to  grow  tobacco  in  a  very  small  way^ 
and  they  would  often  accnmulate  three  or  four  crops  before  finding  a 
buyer,  and  even  then  the  price  would  be  low.    The  farmers  became 
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discouraged  and  redaced  tbeir  acreage,  until,  as  before  stated,  in  1880 
there  was  less  than  100  acres  planted  in  tobacco  in  the  entire  State. 

"old  FLORIDA"   TOBACCO. 

The  variety  of  tobacco  grown  in  Florida  before  the  civil  war,  and 
especially  famous  for  its  beautifully  spotted  wrappers,  was  known  simply 
as  Florida  tobacco,  being  unlike  any  type  produced  in  any  other  part  of 
the  country.  When  the  industry  was  revived  in  1889  and  1890,  many  of 
the  old  planters  had  seed  of  what  was  known  as  ^'  Old  Florida,''  which 
they  again  planted.  But  the  style  had  changed;  Sumatra,  with  its 
bright  rich  gloss,  had  established  itself;  '^Old  Florida''  proved  to  be  a 
back  number  and  the  farmers  had  to  give  it  up.  In  the  year  1884-85 
several  farmers  of  small  plant-ations  obtained  seed  from  the  island  of 
Caba  and  a  number  of  small  patches  of  it  were  grown.  It  was  this 
tobacco  that  revived  the  industry.  Some  of  the  tobacco  grown  from 
the  Cuban  seed  fell  into  the  hands  of  a  large  cigar-manufacturing  con^ 
cem  of  New  York,  which  made  it  into  cigars.  The  quality  of  these 
cigars  proved  so  satisfac^tory,  that  men  were  at  once  sent  to  Florida  to 
study  further  the  possibility  of  producing  a  tobacco  that  would  meet 
the  requirements  of  the  trade.  After  going  over  the  old  tobacco  sec- 
tons  of  the  State  they  became  confident  that  the  attempt  could  be 
made  a  success,  and  they  purchased  and  equipped  plantations  in  Gads- 
den County.  This  concern  was  followed  by  several  other  companies, 
all  of  which  now  own  and  operate  large  farms,  each  having  established 
lai^e  and  well-equipped  packing  houses  in  or  near  Quincy,  the  county 
seat  of  Gadsden  County.  These  firms,  in  addition  to  the  tobacco  they 
grow,  also  buy  extensively  from  local  farmers. 

EXPERIMENTS  IN  IMPROVINO  TOBACCO. 

In  order  to  improve  the  tobacco  and  adapt  it  to  the  trade  demands, 
these  concerns  have  indulged  in  all  sorts  of  experiments,  some  of  which 
have  proved  quite  expensive.  However,  they  have  met  with  such  a 
degree  of  success  as  to  warrant  them  in  continuing  the  experimental 
work.  There  were  many  questions  to  be  settled.  First  of  all,  what 
seed  should  be  used.  To  settle  this  question  seed  was  obtained  and 
tried  from  every  part  of  the  country.  This  point,  however,  was  soon 
determined  and  now  there  are  only  two  varieties  grown  in  the 
State^Sumatra  and  Cuban — the  Sumatra  giving  the  style  required  for 
the  wrapper  and  the  Cuban  giving  the  filler  qualities  nearest  the 
requirements  of  the  trade.  As  each  of  these  tobaccos  possesses  the 
quality  and  style  needed,  the  kind  of  soil  best  suited  to  each  was  the 
Beit  point  to  be  settled;  then  the  proper  fertilizer,  the  quantity  neces- 
sary, and  the  proper  cultivation  had  to  be  found  out  by  numerous 
experiments.  At  first  it  was  thought  that  but  little  fertilizer  of  any 
kind  should  be  used.    The  tobacco  was  set  out  early,  given  a  distance 
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ill  tbe  drill  of  aboat  24  inches,  and  topped  low;  that  is,  not  more  than 
twelve  or  fourteen  leaves  were  allowed  to  each  stalk.  The  re8alt  waft 
that  the  plants  produced  large,  coarse,  undesirable  leaves.  The  next 
step  was  to  give  the  tobacco  less  distance  in  the  drill;  18  inches  were 
t^ied.  The  result  was  better,  but  not  satisfactory.  From  time  to  time 
changes  were  made  until  now  the  plant  is  given  14  inches,  the  fertilizer 
is  doubled,  and  the  tobacco  is  topped  higher,  allowing  at  least  sixteen 
leaves  to  each  stalk.  The  result  is  that  the  leaves  are  of  the  desirable 
size  and  finer  in  quality  and  appearance. 

For  a  long  time  the  cultivation  was  continued  until  the  time  of 
harvesting,  but  this  was  decidedly  wrong.  The  writer  has  seen  fietds 
of  tobacco  plowed  that  were  ripe  and  ready  to  be  harvested,  and  in 
consequence  the  tobacco  turned  green  and  started  a  new  growiSL 
This  generally  increases  the  yield,  but  almost  totally  destroys  the 
quality  of  the  tobacco.  At  present  the  cultivation  stops  as  soon  as 
the  plants  are  topped. 

When  the  Sumatra  seed  was  first  introduced  into  Florida,  the  land 
selected,  the  amount  of  fertilizers  used,  and  the  methods  of  cultivation 
and  harvesting  emplo^'ed  were  the  same  as  those  practiced  in  growing 
the  Cuban  variety.  With  this  treatment  Sumatra  proved  to  be  an 
absolute  failure;  many  abandoned  the  seed,  while  others  continued  to 
experiment.  It  was  soon  found  that  the  soil  had  to  be  exceedingly 
rich,  the  growth  quick;  that  low  topping  was  ruinous,  and  that  each 
stalk  should  have  from  twenty-four  to  thirty  leaves,  according  to  the 
strength  of  the  soil.  When  the  land  was  exceedingly  rich  it  was  foond 
best  not  to  top  at  all,  but  to  allow  the  plants  to  go  to  bloom.  Then 
the  leaves  would  be  of  desirable  size,  thin  and  smooth;  whereas  if 
topped,  the  leaves  would  curl  and  thicken.  This  tobacco  is  ^so 
crowded  into  the  drill,  the  plants  being  given  only  from  twelve  to  four- 
teen inches.  The  growth  is  rapid ;  the  top  leaves  soon  serve  as  a  shade 
for  the  middle  and  lower  leaves,  and  the  results  have  been  most  grati- 
fying. New  laud  proved  to  be  more  desirable  for  this  variety  of  tobacco, 
and  it  was  noticed  that  when  trees  were  left  standing  in  the  field  the 
plants  shaded  by  trees  were  far  superior  to  the  plants  not  so  shaded. 
From  this  the  idea  of  building  artificial  shade  had  its  birth.  It  was 
also  found  that  no  good  results  could  be  obtained  if  the  plants  were 
cut,  but  the  leaves  should  be  primed  ofi' just  as  they  ripen,  and  at  a 
very  early  stage  of  ripeness. 

CHANGES  IN  HETHODS  AND  IMPBOVEMENT  IN  STYLE  AND   QUALITY. 

If  we  consider  the  tobacco  industry  in  Florida  during  the  past  ten 
years,  we  will  find  great  changes  in  the  methods  and  improvements  in 
the  style  and  quality  of  the  tobacco  produced.  Why  were  these 
changes  in  methods  madet  Because  certain  manufacturers  knew  just 
what  the  trade  required.  After  the  crop  was  harvested  and  cured  they 
were  able  to  discover  its  faults  or  good  points,  and  if  faults  were  found, 
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^bey  studied  how  to  remedy  them;  if  good  x>oint8  were  observed,  they 
^^udied  to  find  how  they  were  obtained.  Each  year  there  were  a  Hum- 
^t  of  small  exx>erimenta]  plote  on  which  different  kinds  of  soil  were 
tested,  difiTerent  fertilizers  used,  and  different  methods  of  cnltivation 
employed.  The  tobacco  of  each  plot  was  harvested  at  different  stages 
of  growth — ^ripe,  overripe,  and  underripe.  In  the  curing  shed  this 
experiment  was  continued.  If  there  were  four  experimental  croi)s,  they 
vere  cared  in  four  different  barns  and  a  part  of  the  tobacco  from  each 
plot  pat  in  each  bam. 

For  convenience,  we  will  call  the  four  plots  A,  B,  O,  and  D  and  the 
bams  or  caring  sheds  1,  2,  3,  and  4.    In  each  barn  we  have  tobacco 
from  the  four  plots,  and  each  bam  receives  different  manipulation. 
The  tobacco  from  each  barn  was  marked  so  that  it  could  be  easily  iden- 
tified, and  when  thoroughly  cured  its  quality  was  tested.    It  can  be 
seen  at  once  tbat  such  a  method  of  experimenting  is  practicable.    We 
win  say  that  all  of  the  tobacco  in  bam  No.  2  made  the  best  showing 
md  that  the  tobacco  from  plot  A  was  the  most  desirable.    Therefore 
we  would  naturally  assume  that  the  soil,  fertilizer,  and  method  of  cul- 
tivation of  plot  A  was  the  best  and  the  management  of  bam  No.  2 
was  the  nearest  correct.    We  could  also  determine  at  what  stage  of 
ripeness  the  tobacco  should  be  harvested  in  order  to  obtain  the  best 
mults.     Tbis  final  test  can  not  be  made,  however,  until  the  tobacco 
has  been  carried  through  the  process  of  fermentation  and  all  the  quali- 
ties of  the  leaf  thoroughly  developed. 

COST  OP  OBOWINO  TOBACCO  IN  FLORIDA. 

The  following  figures  will  undoubtedly  surprise  many  not  acquainted 

with  the  growing  of  tobacco  in  Florida.    The  cost  per  i)ound  of  the 

tobacco  produced  will  seem  exceedingly  high.    However,  the  figures 

are  in  every  way  conservative,  and  the  experience  of  the  large  growers 

of  tobacco  in  Florida  will  not  disprove  their  correctness.    In  the  first 

place,  in  order  to  grow  100  acres  of  tobacco  each  year  it  is  necessary 

to  have  a  farm  containing  at  least  500  acres,  as  it  is  not  considered 

desirable  to  plant  the  same  field  in  tobacco  for  more  than  two  or  three 

consecutive  years.    These  lands  should  be  planted  in  other  crops  or 

allowed  to  rest  for  three  or  four  years;  so  every  two  or  three  years  the 

locality  of  the  tobacco  fields  should  be  changed.    On  this  point  all 

farmers  (1  mean  successful  farmers)  do  not  agree.    Still,  it  is  the  opinion 

and  practice  of  a  majority  of  the  successful  farmers  to  rotate  their 

crops,  tobacco  being  the  main  crop  for  which  the  plantation  is  equipped. 

The  fields  planted  in  tobacco  should  be  followed  by  such  other  crop  as 

wOl  tend  to  improve  rather  than  to  impoverish  the  land.    Usually 

corn  is  planted,  and  when  giving  the  corn  the  last  plowing  the  field  is 

sown  in  cowpeas.    The  writer  has  known  fields  to  be  greatly  improved 

by  the  planting  of  these  crops  where  no  fertilizers  were  used.    As  soon 

as  the  corn  is  harvested  and  the  pea  vines  begin  to  die  they  should  be 
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plowed  under.  After  this  lias  been  done  for  two  or  three  years  tbe 
field  is  again  ready  for  tobacco,  and  it  has  really  gained  in  general 
fertility. 

White  it  is  the  special  purpose  of  the  farm  to  grow  tobacoo^  aD^ 
concern  operating  sach  a  farm  will  strive  to  produce  com,  oata,  hay, 
and  all  such  produce  as  may  be  necessary  to  sustain  the  fsurm.  The 
first  thing  is  to  carefully  select  the  lands  best  suited  for  tobacco  and  to 
plant  on  these  lands  only  such  crops  as  will  tend  to  improve  the  soiL  ; 
Potatoes,  sugar  cane  and  the  like  should  never  be  raised  on  tobacco  i 
lands,  as  they  are  very  exhausting  to  the  soil.  Many  farmers,  as  sood 
as  they  locate  the  lands  on  which  they  expect  to  grow  tobaooo,.sov 
such  fields  in  beggar  weed  and  cockleburs,  and  as  soon  as  a  good 
growth  of  either  of  these  weeds  can  be  obtained  it  is  plowed  under. 
This  tends  to  improve  the  land. 

In  the  following  figures  it  will  be  noted  that  no  credit  is  given  the 
farm  for  any  other  crop  than  tobacco,  all  cost  being  applied  to  the 
tobacco  crop,  because  whatever  else  is  grown  is  simply  used  to  sustain 
the  farm  and  assist  in  producing  the  tobacco.  Feed  for  stock  is 
charged  against  the  first  crop — January  to  June,  six  months — ^by  which 
time  the  farm  should  have  produced  oats,  millet,  and  such  other  forage 
as  may  be  necessary  to  feed  the  stock. 

Cost  of  farm  and  huildinga, 

500  acres  of  land $5,000.00 

House  for  superintendent 500. 00 

House  for  assistant  superintendent 250. 00 

20  tenement  houses  or  cabins 1, 000. 00 

10  barns,  36  by  96  feet 5,818.50 

160,000  laths 320.00 

Stables,  cribs,  and  other  outhouses 500. 00 

Total  cost  of  land  and  improvements $13, 388. 50 

Stock  and  implements. 

8  mules,  at  $120  each 960.00 

1  horse  for  superintendent 125.00 

Wagons,  harnesses,  and  implements 500. 00 

Total  cost  of  stock  and  implements 1, 585. 00 

Total 14,973.50 

Labor  and  general  expenses. 

Superintendent,  for  twelve  months 900.00 

Assistant  superintendent,  twelve  months 480.00 

2  foremen,  for  twelve  months 360. 00 

10  men  laborers,  for  twelve  months 1, 560.00 

16  men  laborers,  for  six  months 1, 170.00 

25  women,  for  six  months 1, 200. 00 

Feed  for  stock  for  six  months 270.00 
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Labor  andgmtral  expense* — Continneil. 

SOtoas  of  cotton-seed  meal 1,050.00 

10,000^ns]iolii  of  cottonseed 1,500.00 

IncidentU  expenses 150.00 

Totaianionnt  of  general  eipensea S,  640.  00 

InterMt  on  t%,640  for  six  months 259.20 

Intereet  on  *H,'»73.60  for  twelve  moQtlis 898.41 

lOperreDtdeproiiation  on  land  and  improvements 1,338.85 

20  per  cent  aepreontion  on  stock  and  implements 817. 00 

Amoant  cbai^^ble  to  tobacco  crops II,  453, 4fi 

Tolal  amooDt  of  tobaceo  produced,  60,000  pounds. 
Average  coet  abont  18(  cants  per  pound. 

KIND   OF  BABN   DESIRED   AND,  ITB  COST. 

In  the  development  of  the  tobacco  industry  in  Florida  one  of  the 
important  points  to  be  deteimioe«l  was,  what  kind  of  a  bam  or  coring 
shed  was  most  desirable.  Different  kinds  of  buildings  were  coiiBtrnc- 
ted— some  broad  and  fiat,  others  narrow  and  tall;  some  with  wooden 
shatters,  other  with  glass  windows.  The  man  in  favor  of  the  glass 
windows  thought  that  to  cure  tobacco  light  in  color,  inncb  light  was 
necessary.  This  proved  a  failure,  as  light  tobacco  is  grown  and  not 
made  in  the  caring  shed.    The  man  with  the  tall,  narrow  barn  thought 


«•%>! 


sd  flU«d  irilh  primed  le 


th&t  to  care  tobacco  quickly  was  the  pro)>er  thing;  so  he  constracted 
his  bam  in  such  a  way  as  to  make  it  as  hot  as  possible,  in  order  to  cure 
the  tobacco  qnickly.  The  result  was  "house  burn, "bad  color,  and  dead 
tobacco.  The  man  with  the  broad,  fiat  barn  wante<l  slow  curing.  This 
Htyleof  bam  proved  nearest  to  the  proper  bam.  However,  the  idea  of 
building  a  bam  for  slow  curing  was  carried  too  far,  the  result  being 
ttiat  the  tobacco  molded  because  of  insuflScient  beat  and  ventilation. 
The  bam  illustrated  in  flgs.2-6  has  been  adopted  by  the  most  success- 
ful growers  as  the  correct  barn. 
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R8TIMATR8  AND  COST  OF  CONSTRUCTION  OF  BARN. 

The  following  detailed  estimates  of  the  cost  and  quantity  of  material 
necessary  for  the  construction  of  such  a  barn,  together  with  the  cost  of 
labor,  may  be  of  interest: 

Estimate  of  material  required  far  tohaooo  ham. 

Feet. 

Sill8,22pi6O€«6"x6"x20' 1,320 

Studding  (24-inch  centers),  160  pieced  2"  x4''  x  18' 1, 920 

Plates,  14  pieces  2"x6''x20' £80 

Rafters  (26  inch  centers),  88  pieces  3"  x  6'' x  24' 3, 168 

Strongback  for  rafters,  6  pieces  3"  x  6"  x  32' 288 

Strongback  supports,  14  pieces  3  '  x  6'' x  8' 168 

Uprights  for  tiers,  10  pieces  4 'x4'x  21' 280 

Uprights  for  tiers,  10  pieces  4  'x4   x24' 320 

Uprights  for  tiers,  10  pieces  4    x4    x27' 360 

Uprights  for  tiers,  10  pieces  4   X  4"  X  30' 400 

Tier  poles,  240  pieces  2'  X  4'  x  16' 2,560 

Ribbons,  56  pieces  1    x4"x20  374 

Cross  braces,  14  pieces  1'  x6"x25' 175 

Ventilators,  16  pieces  I'x  12' X 12' 192 

Ventilators,32  pieces  l"xl2"x  10' 320 

Sheathing  for  roof,  2,750  feet  l"x  3"  X any 2,750 

Weatherboarding, 4,500  feet  1" X 6  "X any 4,500 

Doors  and  shutters,  1,000  feet  G.  and  T.  ceiling 1, 000 

20, 375,  at  $10. .  $203.75 

PiHars,  2,000  brick,  at  $10 20.00 

Pillars,  2  barrels  stone  lime,  at  $1.50 3.00 

Shingles  (6-inch  to  weather),  30,000  i"  x  18'.'  cypress,  at  $3 90. 00 

Ventilators,  60  pairs  8  inch  t hinges,  at  12 i^  cents 7.50 

Shutters,  22  pairs  8- inch  strap  hinges,  at  15  cents 3.30 

Doors,  8  pairs  12-inch  strap  hinges,  at  20  cents 1. 60 

Shutter  props,  11  pairs  6-inch  T  hinges,  at  10  cents 1. 10 

Ventilator  levers,  24  angle  brackets,  at  10  cents .• 2. 40 

Intermediate  tiers  for  primed  tobacco: 

5,200  feet  bam  wire 5.00 

20  pounds  staples 1. 00 

2  kegs4-penny  cut  nails,  at  $3 6.00 

3  kegslO-penny  cut  nails,  at  $2.50 ,. 7.50 

2  kegs  20-penny  cut  nails,  at  $2.35 4.70 

Labor 225.00 

Total  cost  of  bam  (without  paint) 581.85 

Building,  36x96;  16  feet  from  sills  to  plate  tiers,  4  tiers;  13  feet  from  plate  tiers 
to  point  of  roof,  2  tiers.  All  the  tiers  are  4  feet  apart  each  way.  When  tobacco  is 
primed  the  tiers  are  doubled  in  quantity.  This  is  done  by  stretching  heavy  wire 
so  as  to  alternate  with  the  original  tiers. 

There  are  years  when  the  seasons  are  very  unfavorable  when  the 
cost  will  naturally  be  increased,  while  during  other  years  when  the 
seasons  are  exceedingly  favorable  the  cost  is  reduced.  It  will  be 
noticed  that  the  barn  room  provided  for  this  100  acres  of  tobacco  is 
small.    The  writer  is  aware  of  the  fact  that  if  the  entire  acreage  of 
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fft^axco  shoald  ripen  witbin  one  month  the  space  would  be  altogether 
g^nfficient,  bat  on  such  a  farm  harvestiDg  slionld  begin  ibe  middle  of 
l^«ie  aud  continue  until  the  Ist  of  September,  so  each  baru  woold  be 


Tm.  3 Gntand  plan  or  tobucv  lurn, 

0lled  two  or  tbree  times.    In  this  way  the  bams  wonld  be  quite  snffi- 
cient. 

TOBACCO    GBOWM   BY   THE  FABMEE    COMPARED  WITH    THAT    GBOWH 
BY  THE  TOBACCO   PLANTER. 

If  fk  ^imier  of  a  small  tobacco  farm  i»  asked  what  it  costs  to  raise 
tobaM^co  in  Florida,  he  will  say  from  10  to  13  cents  per  poond,  according 
U)  ttie  Beason.    The  explanation  of  this  \s,  the  farmer  lays  ont  his  farm 
w>t  for  tbe  sole  parpose  of  growing  tobacco,  but  for  prodnciug  everything 
iteedfal  for  the  support  of  himself  and  family.    Such  a  farmer  may  have 
in  cultivation  100  acres,  only  8  or  10  of  which  are  in  tobacco.     His  atten- 
tion ia  given  to  producing  corn,  potatoes,  peas,  rice,  and  peanuts,  and 
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%o  the  raising  of  hogs  and  cowe — in  £act,  all  things  necessary  for  the 
wiBtADance  of  his  family.  As  a  money  crop,  he  plants  10  acres  in 
tobacco,  against  which  he  makes  do  charge  for  his  own  services  or  for 
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tlie  services  of  any  member  of  his  family  who  may  asaittt  in  its  pro* 
tioii.  He  simply  couots  the  fertilize) b  used  aud  the  actaal  time! 
hired  labor  worke«1  in  the  flel<I ;  so  with  this  method  of  calcuhitioo 
actual  cost  of  producing  tobacco  by  auyone  enjraged  in  tobacco  raisi 
as  a  busiuesfi  would  be  greatly  at  variance  with  the  figures  giveu  b; 
farmer. 

Tlie  question  then  naturally  arises,  if  the  farmers  can  raise  tobu 
at  12  cents  per  pound  and  it  costs  the  larger  coiicerus  from  18  to 
cents  i>er  pound,  why  would  it  not  be  better  for  the  large  coocerDi 


let  the  farmers  grow  all  the  tobucco  and  buy  of  tliemi  The  answer  is 
tbis:  The  largo  concern  tbat  has  sufficient  capital  to  equip  a  farm  and 
grow  100  acres  of  tobacco  is  also  able  to  employ  good  men  to  mnnagc 
the  farm — men  who  give  their  entire  time  and  attention  to  the  growing 
and  curing  of  the  tobacco.  This  care  begins  with  the  first  work  od 
the  farm  and  does  not  end  until  the  tobacco  is  delivered  to  the  pa«'kin£ 
houses,  the  tobacco  receiving  at  nit  times  tiie  greatest  care  and  atKu- 
tiou.  The  superintendent  and  his  assistant  watch  and  study  tlte 
tobacco  closely  and  do  all  things  necessary  ibr  its  perfect  developmeut 


29 

Theae  large  farms  are  owned  by  leaf  dealers  who  have  been  long  in 
ke  business,  who  know  just  what  the  traile  wants,  aud  who  bend  all 
keir  energies  to  secure  it.  There  is  no  time  at  which  the  tobacco  is 
legleoted.  The  farmer  with  a  small  plantation  may  produce  in  the 
tdd  fally  as  good  a  crop  as  is  raised  by  the  larger  concern,  but  after 
Jie  tobacco  is  taken  from  the  stalks  this  farmer  simply  packs  it  in 
M>xeB  of  all  sizes  and  kinds,  places  it  in  an  open  barn,  and  appar- 
iptly  forgets  that  he  has  any  tobacco;  that  is,  if  one  is  to  judge  from 
016 care  and  attention  it  receives.    This  is  the  weak  point  on  the  small 
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Fig.  6 — Middle  section  of  tol>acco  bam. 

tol)acoo  fiarms,  and  success  can  never  be  attained  until  this  point  is 
remedied.  A  poor  crop  in  the  field  must  inevitably  produce  a  poor  fin- 
islied  article,  although  the  tobacco  may  be  improved  or  injured  by 
proper  or  improper  treatment  after  curing.  A  fine  crop  in  the  field  is 
DO  guaranty  that  it  will  be  fine  and  desirable  when  the  buyer  comes 
aroQDd,  since  in  the  absence  of  proper  care  it  will  become  exceedingly 
]M)oraDd,  in  some  cases,  almost  worthless.  Of  course,  there  are  Rome 
farmers  of  small  tobacco  plantations  who  recognize  these  facts  and  who 
prodace  and  market  just  as  good  tobacco  each  year  as  do  the  larger 
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growers,  but  they  are  the  exception  rather  than  the  rale.  Sach  men 
make  a  study  of  tobacco,  and  from  them  the  larger  growers  obtain 
each  year  good  and  valuable  points.  The  dealer  who  wishes  to  soc- 
ceed  becomes  a  farmer;  he  knows  that  while  it  may  cost  him  more  to 
produce  the  tobacco  than  to  buy  it  from  the  small  farms,  it  will  be 
more  profitable  in  the  end,  as  he  will  then  have  what  the  market 
demands. 

As  has  been  previously  stated,  the  manipulation  of  the  barn  is  entirely 
governed  by  weather  conditions.  This  much,  at  least,  can  be  said — 
the  barn  should  be  so  managed  as  to  have  the  tobacco  go  in  and  out  of 
case  once  in  every  twenty-four  hours,  care  being  taken  not  t4)  allow  the 
tobacco  to  become  too  damp  or  too  dry.  When  this  is  done  with  care, 
the  tobacco  that  is  hung  on  the  stalks  will  cure  in  about  thirty  days; 
that  which  is  primed  and  strung  will  cure  in  about  fifteen  days.  The 
present  method  of  manipulating  these  tobaccos  after  they  are  pole-cured 
is  quite  different  from  what  it  was  years  ago.  Then  they  simply  took 
the  tobacco  from  the  poles,  made  it  into  three  assortments — ^long  wrap- 
pers, short  wrappers,  and  fillers — and  packed  them  into  boxes,  where 
they  remained  until  a  buyer  came.  When  sold,  the  buyer  had  the  case 
well  closed  and  shipped  just  as  it  was.  If  the  tobacco  happened  to 
sweat  and  cure  out  well  in  the  case,  all  well  and  good;  but  if  not, it 
did  not  seem  to  occur  to  the  growers  that  any  thing  could  have  been 
done  to  insure  good  curing.  To  reach  the  present  methods  many 
expensive  experiments  were  made.  At  first  it  was  thought  that  only 
a  slight  curing  was  necessary,  and  the  tobacco  was  baled  raw.  The 
trade  found  fault  with  this  because  the  tobacco  was  rank.  Then  the 
fillers  were  thoroughly  cured  and  all  went  well,  the  light  wrapper— or 
so-called  light  wrapper — still  being  cured  but  little,  as  thorough  curing 
would  so  darken  the  leaf  that  it  could  not  pass  for  light.  The  result 
was  that  the  Florida  wrappers  were  condemned  by  the  trade.  The 
packers  of  Florida  to-day  will  not  offer  to  the  trade  tobacco  that  is  not 
thoroughly  cured.  The  outcome  is  that  Florida  wrappers  are  in 
demand  at  present,  and  the  fillers  from  the  Cuban  seed  bring  the 
highest  price  of  any  filler  tobacco  produced  in  the  United  Statea 
This  is  largely  due  to  the  methods  of  fermentation,  as  well  as  to  the 
methods  of  cultivation. 

The  values  of  these  different  grades  vary  so  greatly  that  any  figures 
given  would  be  merely  conjectural,  as  the  first  wrappers  will  be  valued 
at  from  $1  to  $2.50,  the  seconds  from  40  to  75  cents  per  pound,  and  the 
fillers  from  30  to  45  cents  per  pound,  so  exact  figures  can  not  be  given. 
Of  course  these  prices  refer  to  the  tobacco  baled  and  ready  for  the 
manufacturer.  The  prices  paid  the  local  farmers  vary  from  12  to  40 
cents,  according  to  the  style  and  quality  of  the  crop.  Some  years  the 
farmers  have  lost  money,  while  other  years  they  have  realized  good 
prices  and  made  fine  profits.  As  a  whole  the  farms  of  Gadsden  County 
are  in  good  condition  and  the  farmers  are  prospering. 
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^d^  already  shown,  the  tobacco  will  cost  the  large  grower,  del 

/^^  tiie  packing  hoase»,  at  least  18  cents  per  poand.    This  by  no 

^^  iilie  cost.     The  present  methods  of  fermenting,  assortiug,  cl 

^^>  ao<2   baling'  €K>8t  from  6  to  8  cents  per  poond,  includiDg  ( 

t^ria»I,  interest  on  money,  insurance,  etc.    The  tobacco  will  « 

CT   ^linxj&a^e  in  this  process  of  work  of  at  least  10  per  cent,  am 

^^  slinukagre  will  reach  20  per  cent  from  the  time  of  delivery 

iD^  liouse  to  the  time  the  tobacco  is  marketed,  so  that  tli 

t  of  tiie  tobacco  at  the  time  of  marketing  can  be  estimated 

m  30  to  32  cents  per  pound.    The  following  is  about  the  resul 

era^e  Florida  packing:  Of  a  lot  of  100,000  x)ounds  there  will  be 

per  cent  first  wrappers,  35  per  cent  second  wrappers,  40  per  ( 

^CKHi  clean  fillers,  and  15  per  cent  of  trash  and  waste;  or  10,000] 

"f  first  wrappers,  35,UO0  pounds  of  second  wrappers,  40,000  pou 

^er,  making  in  all  85,000  pounds,  with  a  loss  of  15,000  pounds 

'^nt  of  interest  now  is,  How  can  the  per  cent  of  upper-grade  go 

creased  f     This  most  be  solved  by  continuous  experiments  alo 

^^  from  seed  bed.  to  bale. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Division  of  Soius, 
Washington^  D,  O.^  January  6^  1900. 
Sir:  In  taking  up  the  line  of  tobacco  investigation,  authorized  by 
the  Fifty-fifth  Congress,  it  was  considered  desirable  to  review  the 
work  done  by  the  experiment  stations.  To  this  end  Dr.  A.  C.  True, 
IMrector  of  the  Office  of  Experiment  Stations,  was  requested  to  have 
an  abstract  made  of  all  such  work  and  he  detailed  Mr.  J.  I.  Schulte  oi 
that  oflBee  to  compile  this  data. 

A»  I  believe  the  results  of  the  experiment  station  work  thus  brought 
ViOgether  -will  be  of  value  to  the  stations  in  planning  further,  more  sys- 
tematic, and   more  comprehensive  work,  and  as  they  will  also  be  oi 
interest  to  tobacco  men,  I  recommend  that  the  accompanying  manu- 
script be  published  as  Report  No.  63  of  this  Department. 
Resi>ectfully, 

Milton  Whitney, 

Chiiif  of  Divmon^ 
In  charge  of  Tobacco  Investigation, 
Hon.  James  Wilson, 

Seoret<iT^y  of  Agriculture. 


LETTER  OF  SUBMITTAL. 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 
WaMngtofi^  D,  C.^  Jajmary  2^  1900. 

Sir:  In  accordance  with  your  request  I  send  you  herewith  abstracts 
of  the  accounts  of  investigations  on  tobacco,  which  have  been  pub- 
lished by^  the  agricultural  experiment  stations  in  the  United  States  and 
Canada.  These  abstracts  have  been  prepared  by  Mr.  J.  I.  Schulte,  of 
this  Office,  in  accordance  with  my  instructions.  Only  in  a  few  States 
have  the  experiment  stations  undertaken  tobacco  investigations  in  any 
thorough  manner.  In  many  cases  their  studies  on  this  subject  have 
been  incidental  to  other  inquiries  or  have  been  distinctly  minor  pieces 
of  work.  This  will  very  largely  account  for  the  fragmentary  character 
of  the  work,  as  indic«,ted  in  this  summary. 

Respectfully,  A.  C.  True, 

Direct</r, 
Prof.  Milton  Whitney, - 

Chief  of  Dlvimwi  of  Soils, 
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THE  WORK  OF  THE  AGRICriTURAL  EXPERIMENT 

STATIONS  ON  TOBACCO 


INTRODUCTION. 


For  some  years  past  the  agricultural  experiment  stations  in  various 
sections  of  the  country  have  carried  on  investigations  in  the  raising 
and  curing  of  tobacco.     This  work  for  the  most  part  has  l>een  desul- 
tory- and,  being  published  in  so  many  bulletins — often  as  a  small  note 
or  record  of  progress — it  was  considered  advisable  to  bring  the  work 
together  in  order  to  show  what  lines  had  received  attention  and  what 
results  had  been  attained.     It  Ls  hoped  that  by  thus  bringing  together 
the  lines  of  work  and  presenting  the  subject  as  a  whole,  some  of  the 
i»tations  may  be  induced  to  take  up  the  subject  in  a  more  compre- 
hensive and  thorough  manner  and  throw  more  light  upon  the  various 
pha^M^s  of  the  growth  and  curing  of  tobacco  which  have  assumed  such 
«  degree  of  economic  importance  in  many  districts  of  this  country. 

Some  of  the  subjects  which  have  been  investigated  by  the  stations 
have  l>een  fully  worked  out  by  growers  in  one  or  more  sections  of  the 
country,  and  there  are  a  number  of  problems  which  the  growers  have 
solved  bv  themselves  without  the  intervention  or  assistance  of  the 
statioos.  Then  again  there  are  many  problems  now  confronting  the 
tobaeeo  growers  which  they  have  not  been  able  to  solve  and  which 
the  ex:periment  stations  have  not  taken  up,  or  at  least  have  not  pub- 
lished reports  upon.  So  far  as  possible  in  the  limits  of  this  article, 
these  subjects  are  briefly  referred  to,  in  order  to  make  this  report  as 
full,  comprehensive,  and  valuable  as  possible. 

Xobacco,  as  a  commercial  crop,  is  at  present  confined  to  a  very  few 
of  the  States,  and  to  limited  and  rather  well-defined  areas  in  those 
Sta1>e^.  It  thus  happens  that  only  a  very  few  of  the  agricultural 
experiment  stations  are  located  in  or  near  tobacco  districts.  The 
to1>acco  industry  has  become  so  highly  specialized  that  it  is  necessary 
for  the  successful  investigator  to  become  closely  identified  with  the 
economic  details  of  tobacco  culture  and*  handling  in  order  to  both 
intelligently  select  material  to  work  with  and  to  plan  the  work  for 
some  real  economic  advancement.  Under  these  conditions  it  would 
never  he  desirable  for  many  stations  to  undertake  investigations  in 
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tobacco,  but  it  would  be  very  much  better  if  the  work  could  be  cen- 
tralized and  undertaken  in  a  systematic  wav  by  two  or  three  stations 
favorably  located  for  this  work.  It  is  well  to  realize  this  fact,  as  there 
is  no  question  that  the  difficulties  in  the  way  of  investigations  along 
valuable  economic  lines  are  so  very  great  and  rexjuire  so  much  technical 
skill  in  the  manipulation  of  the  leaf  that  it  is  considered  very  far 
from  advisable  for  stations  to  undertake  the  work  unless  they  are  well 
equipped  and  favorably  located. 

Much  of  the  work  which  has  been  done  is  of  marked  value.  As  will 
be  seen  from  the  table  of  contents,  it  has  covered  a  great  range  of  sub- 
jects. Nevertheless,  it  would  be  better  for  the  stations  to  concentrate 
the  work  rather  than  for  a  great  number  of  stations  to  undertake 
these  particular  lines. 

METHODS  OF  GROWING   PLANTS   IN   SEED  BEDS. 

Various  methods  of  starting  tobacco  seed  were  compared  at  the 
Alabama  State  Station  in  1892  and  1893.  ^  Seed  was  started  in  open  beds 
and  in  beds  covered  with  cheese  cloth.  During  the  first  year  of  the 
experiments  the  greater  number  of  plants  in  the  open  beds  were 
destroyed  during  a  cold  spell  in  March,  and  during  the  second  season 
they  were  injured  by  the  flea  beetle.  In  the  covered  beds  the  plants 
came  up  well,  grew  rapidly,  and  were  not  subject  to  insect  attacks. 
From  the  results  obtained  it  is  evident  that  under  the  climatic  condi- 
tions of  Alabama  young  tobacco  plants  are  readily  aflfe^ted  by  low 
temperatures  and  quickl}^  killed  by  freezing  weather.  The  method  of 
starting  the  seed  in  a  covered  bed  was  the  most  suc<?essful. 

The  Colorado  Station*  in  pursuing  this  work  in  1889  found  that  it 
took  no  longer  to  produce  plants  suitable  for  setting  out  by  growing 
seeds  in  cold  frames  than  by  the  use  of  the  hotbed. 

The  following  method  of  germinating  tobacco  seed  proved  perfectly 
successful  at  the  Georgia  Station  in  1892.'  Tobacco  seed  was  placed 
in  wine  glasses  and  soaked  in  water  for  half  an  hour.  The  water  was 
then  poured  off  from  the  seed  and  the  glasses  placed  in  saucers  con- 
taining water,  and  a  tumbler  inverted  over  each  glass  to  confine  the 
moistened  seed  in  a  damp  atmosphere.  The  glasses  were  then  placed 
in  a  warm  room  and  the  seed  kept  moist.  About  a  week  afterwards, 
when  the  seed  began  to  sprout,  it  was  sowed  in  a  cold  fi*ame,  and 
Mdthin  four  weeks  from  that  time  plants  suitable  for  transplanting  to 
the  field  were  obtained. 

Experiments  in  growing  seedling  plants  were  conducted  at  the  Cen- 
tral Experimental  Farm,  Canada,  in  1893  and  1897.*     Seed  was  sown 

'  Alabama  State  Station  Buls.  Nos.  44  and  54. 

2  (bloracia  Station  Bui.  No.  10. 

"(reorgia  Station  Bui.  No.  19. 

*  Canada  Expt.  Farm  Rpts.,  1893  and  1897. 


9    . 

in  hotbeds,  and  some  of  the  plants  produced  were  transplanted  to  cold 
frames  and  hotbeds  before  thev  were  set  out  in  the  field.  In  1893  a 
striking  difference  was  noticed  between  plants  set  out  from  the  original 
hotbed  and  those  transplanted  to  the  cold  frame  prior  to  setting  out. 
The  plants  taken  tp  the  field  from  the  cold  frame  were  stalkier,  stronger, 
and  grew  more  i-apidly  than  those  set  out  from  the  first  seed  bed,  and 
they  were  not  disturbed  very  much  by  being  transplanted,  but  readily 
established  themselves  in  their  new  location.  The  plants  taken  directly 
from  the  hotbed  to  the  field  were  much  slower  in  taking  root  and  many 
of  them  had  to  be  replaced. 

In  1897  plants  were  transplanted  to  a  second  hotbed  before  setting 
them  out  in  the  field.  The  results  showed  that  this  practice  gave  stalki- 
ness  and  vigor  to  the  plants  and  materially  reduced  the  number  lost  in 
transplanting  to  the  field.  This  method  is  recommended  for  eastern 
Ontario  and  the  Province  of  Quebec. 

A  vast  amount  of  experience  has  of  course  been  obtained  in  all  of 
the  tobacco  districts  in  this  practical  matter  of  the  seed  bed.  •  The  old 
practice  of  growing  plants  in  protected  areas  in  the  forest  has  been 
verj'  generally  superseded  by  using  plant  cloth  for  covering  or  by  hot- 
bed sash,  or  even  by  starting  the  plants  in  greenhouses. 

In  certain  districts  considerable  trouble  and  loss  have  been  experi- 
enced from  certain  fungous  diseases.  To  prevent  these,  the  soil  used 
for  the  plant  bed  has  been  sterilized  with  boiling  water,  hot  stones, 
or,  preferably,  with  steam  under  high  pressure.  The  method  of 
steaming  is  quite  feasible  where  there  is  a  power  plant  from  which 
steam  can  be  obtained  and  is  to  be  recommended  where  fungous  dis- 
ease's give  any  serious  trouble  in  the  plant  bed. 

Farther  investigations  along  this  line  are  needed,  both  to  ascertain 
to  what  extent  injuries  of  this  kind  are  felt  and  the  cost  of  sterilizing 
the  soil  under  the  different  methods  which  are  used  in  horticultural 
work. 

Further  investi^tions  are  also  needed  in  the  line  of  protection 
against  insects  both  above  and  telow  ground.  Also  investigations  are 
necessar/  on  methods  of  treating  the  plants  and  preparing  them  for 
the  field.  There  are  questions  on  the  treatment  of  the  plants  in  the 
seed  bed,  such  as  the  matter  of  watering,  which  should  be  carefully 
considered;  also  the  very  important  subject  of  the  kind  of  soil  best 
adapted — whether  it  should  be  mixed  with  manures  and  fertilizers, 
what  kinds,  and  to  what  extent.  The  production  of  a  vigorous,  well- 
formed  plant  for  setting  out  is  a  subject  which  deserves  the  most  care- 
ful consideration. 

The  size,  specific  weight,  and  condition  of  ripeness  of  the  seed,  as 
well  as  the  method  of  planting,  have  a  very  important  bearing  upon 
the  crop,  as  horticulturists  have  shown  with  a  number  of  crops. 
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VARIETIES   OF   TOBACCO. 

At  the  North  Louisiana  Station /  at  Calhoun  ten  varieties  of  tobacco, 
namely,  CJonqueror,  Hester,  Long-leaf  Gooch,  Ragland  Improved, 
Sweet  Oronoko,  White  Burley,  Comstock  Spanish,  Persian  Rose,  Im- 
proved Havana,  and  Brazilian  American,  vrere  tested  in  1892.  Of 
these,  Comstock  Spanish,  Persian  Rose,  Improved  Havana,  and  Bra- 
zilian American  are  cigar-leaf  varieties,  and  the  rest  are  designated  as 
bright-leaf  varieties.  On  fertilized,  red,  sandy  land  the  yields  of  cured 
tobacco  per  acre  ranged  from  900  to  1,530  pounds,  and  on  unfertilized, 
red,  sandy  soil,  from  399  to  1,200  pounds;  on  fertilized,  gray,  sandy 
soil  the  range  of  yield  was  from  1,050  to  1,680  pounds;  on  unfertilized, 
gray,  sandy  soil,  from  810  to  1,170  pounds;  on  fertilized  new  land, 
from  120  to  600  pounds;  and  without  the  application  of  fertilizers, 
from  60  to  420  pounds.  The  bright-leaf  varieties,  with  the  exception 
of  White  Burley,  produced  a  leaf  which  cured  a  lemon  yellow,  but 
the  leaf  of  the  cigar  varieties  cured  too  bright.  The  bright-leaf  vari- 
eties succeeded  best,  Hester  and  Ragland  Improved  leading,  with  Con- 
queror, Long-leaf  Gooch,  and  Sweet  Oronoko  closely  following.  The 
cigar  varieties  produced  lighter  yields  and  a  poorer  quality  of  leaf. 
The  use  of  fertilizers  improved  the  quantity  and  quality  of  the  crop. 

The  results  of  tests  made  in  1893*  showed  that  Conqueror,  Long 
Leaf  Gooch,  Hester,  Oronoko,  and  Ragland  Improved  cured  brighter 
than  other  bright-leaf  varieties,  and  that  Vuelta  de  Abajo,  Havana 
Seed-leaf,  Imported  Havana,  Choice  Havana,  Little  Dutch,  and  Pum- 
pelly  produced  a  leaf  of  greater  silkiness  and  liner  texture  than  other 
cigar  varieties  tested. 

In  1895'  it  was  found  that  White  Stem  Oronoko,  Little  Oronoko, 
Sweet  Oronoko,  Oak  Hill  Yello«v,  Hyco,  Long-leaf  Gooch,  and  Rag- 
land Improved  cured  bright  yellow  more  readily  and  uniformly  than 
other  varieties  of  bright-leaf  tobacco  grown  in  the  experiment.  Dur- 
ing the  same  season  the  cigar  varieties.  Improved  Havana,  Connecticut 
Seed-leaf,  and  Little  Dutch  were  grown  at  the  Louisiana  State  Station 
at  Baton  Rouge.  Improved  Havana  yielded  a  softer  leaif  and  produced 
the  largest  percentage  of  wrappers;  Connecticut  Seed-leaf  stood  next 
in  value,  and  Little  Dutch  last.  The  leaves  of  Little  Dutch  were  too 
dark  and  heavy  for  cigar  wrappers,  as  would  be  expected.  No  inves- 
tigations seem  to  have  been  made  of  the  qualities  after  fermentation, 
which  is  the  only  condition  under  which  cigar  types  can  be  judged. 

Several  varieties  of  tobacco  from  Virginia,  North  Carolina,  Florida, 
Connecticut,  and  Cuba  were  grown  at  the  Alabama  State  Station  in 
1892.*    The  Cuban  varieties  matured  tirst  and  were  ready  for  cutting 

*  LouiBiana  Stations  Bui.  No.  20,  2d  ser. 
=»  Ibid.  No.  25,  2d  Her. 
» Ibid.  Nos.  33  and  34,  2(1  Per. 
^  *  Alabama  State  Station  Hul.  No.  44. 
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early  in  August,  but  wet  weather  had  forced  their  growth  and  the 
product  was  poor  in  quality.  The  varieties  from  Virginia,  North 
Carolina,  and  Connecticut  did  not  ripen  until  September.  A  number 
.of  cigar  varieties  were  grown  in  1894.^  Of  these,  Comstock  Spanish 
produced  a  large,  bright,  thin  leaf  of  good  cinnamon  color  and  large 
enough  for  wrappers,  and  Connecticut  Seed-leaf  a  fine  leaf  somewhat 
lighter  in  color  and  smaller  in  size.  Havana  Seed-leaf  and  Havana 
produced  fillers  and  binders.  The  leaf  produced  by  Brazil  Gold-leaf 
was  thin  and  silky  and  brighter  in  color  than  the  leaves  produced  by 
any  of  the  other  varieties  grown,  All  these  varieties  had  a  decided 
cigar  flavor  with  the  exception  of  Brazil  Gold-leaf. 

From  1891  to  1893,  inclusive,  the  Maryland  Station*  made  a  com- 
parison of  improved  and  introduced  varieties  of  tobacco  and  the  com- 
mon or  native  sorts  grown  within  the  State.  The  following  varieties 
were  grown:  Bonanza,  Boyer  or  Tall  Pear  Tree,  Bradley  Broad-leaf , 
Broad-leaf  Thick-set,  Bullion,  Climax,  Connecticut  Seed-leaf,  Con- 
queror, Gold-finder,  Havana,  Hester,  Hybrid  Havana,  H^^co,  Lancaster 
County  Seed-leaf,  Long-leaf  Gooch,  Long  Red,  Narrow-leaf  Thick- 
set, Oronoko  White  Stem,  Pennsylvania  Seed-leaf,  Persian,  Red 
Barley,  Saffrano,  Thesis,  Tilley,  Tuckahoe,  White  Burle}^  Yellow 
Oronoko,  Yellow  Pry  or,  and  Zimmers  Spanish.  The  best  results  were 
obtained  from  the  varieties  ordinarily  grown  in  Maryland  and  from 
seed  produced  within  the  State. 

Experiments  carried  on  at  the. Colorado  Station'  in  1889  led  to  the 
conclusion  that  nothing  but  Havana  Seed-leaf  should  l>e  grown  in  that 
region.  Tobacco  from  seed  grown  at  the  station  was  found  to  be 
much  inferior  to  that  grown  from  imported  seed.  Since  that  time  no 
further  work  on  tobacco  has  been  reported  by  the  station. 

Among  the  earliest  and  best  yielding  varieties  tested  at  the  Central 
Experimental  Farm  at  Ottawa,  Canada,*  were  White  Burley,  Connec- 
ticut Seed-leaf,  Pennsylvania  Seed-leaf,  Yellow  Prior,  Climax,  Yellow 
^fammoth,  Yellow  Oronoko,  Saffrano,  Brazilian,  and  Canadian.  In  1896 
White  Burley  had  matured,  when  a  frost  in  September  greatly  injured 
later  sorts.  Connecticut  Seed-leaf  and  White  Burley  are  reported  as 
being  extensively  grown  in  the  Province  of  Quebec  and  in  western 
Ontario. 

In  connection  with  a  chemical  study  of  the  tobacco  plant  by  the 
Virginia  Experiment  Station  *  in  1892,  it  was  found  that  Bradley  Broad 
Leaf  and  Yellow  Oronoco  contained  a  larger  proportion  of  leaf  than 
Gold  Finder  or  White  Burley.  In  these  varieties  the  leaves  comprised 
59.77  and  60  per  cent,  respectively,  of  the  total  weight  of  the  plant, 

^  Alabama  State  Station  Bui.  No.  64. 
»  Maryland  Station  Bui.  No.  26. 
» Colorado  Station  Bui.  No.  10. 
♦Canada  Cent.  Expt.  Farm  3ul.  No.  30. 
*  Virginia  Station  Bui.  No.  14. 
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and  the  stalks  21  and  20  per  cent.  The  average  for  all  four  varieties 
was  55  per  cent  of  leaf,  21.9  per  cent  of  stalk,  and  23. 1  per  cent  of  root 

In  planning  future  work  on  the  varieties  of  tobacco  it  is  very  impor- 
tant to  keep  in  mind  the  purpose  for  which  the  tobacco  is  intended. 
The  kind  of  tobacco  grown  in  any  district  depends  in  part  upon  the 
climatic  conditions  and  in  part  upon  the  character  of  the  soil.  The 
industry  has  become  so  highly  specialized  that  a  nondescript  tobacco 
has  very  little  market  value  at  the  present  time.  In  testing  varieties, 
therefore,  consideration  should  be  given  in  the  first  place  to  the  type 
of  tobacco  adapted  to  the  locality  and  to  the  soil  and  the  grade  which 
the  climatic  conditions  and  soil  may  reasonably  be  expected  to  pro- 
duce. For  example,  in  the  Connecticut  Valley  the  most  important 
question  is.  What  is  the  best  variety  for  producing  a  thin  wrapper 
leaf  of  from  14  to  18  inches  in  length,  having  certain  characteristics 
which  are  possessed  by  the  Sumatra  wrapper,  the  present  standard  of 
excellence  for  cigar  wrappers  in  this  country  ?  On  the  heavier  lime- 
stone soils  of  Pennsylvania  and  in  the  Ohio  district,  where  a  filler  type 
is  grown,  the  question  is.  What  variety  will  give  the  small,  highly- 
flavored  leaf,  approaching  the  Cuban  tobacco  in  quality,  in  flavor,  and 
in  aroma? — the  Cuban-leaf  being  the  present  standard  for  filler  tobacco 
for  cigars  in  this  country. 

One  difficulty  the  experiment  stations  have  found  in  the  tobacco 
investigations  is  the  fact  that  the  finest  qualities  of  the  leaf  are  devel- 
oped only  after  certain  fermentation  or  other  changes  have  taken 
place  in  the  cured  leaf.  Most  of  the  stations  have  not  been  prepared 
to  manipulate  the  tobaccos  so  that  a  reliable  estimate  of  their  commer- 
cial value  could  be  given. 

INFLUENCE   OF   DISTANCE   IN    PLANTING  ON   THE  YIELD   AND  THICKNESS 

OF   THE   LEAF. 

At  the  Wisconsin  Station  a  study  of  the  relation  of  distance  of  plant- 
ing to  yield  and  thickness  of  leaf  was  made  in  1894  and  1895.*  In  1894 
plants  were  set  20  inches  apart  in  rows  31  and  36  inches  apart  and  24 
inches  apart  in  rows  42  inches  apart.  Close  planting  increased  the 
yield,  and  the  plants  nearest  together  in  the  row  produced  a  thinner 
leaf  than  plants  set  farther  apjirt,  but  lessening  the  distan(»e  l)etween 
the  rows  did  not  have  this  eifect.  A  distance  of  31  inches  Ijetween 
the  rows  was  sufficient  for  the  full  dev(»lopment  of  the  plants.  The 
surface  area  of  the  (nired  leaves  per  pound  from  the  closest  planting 
was  42.01  square  feet,  and  from  the  widest  planting  40.86  square  feet 

In  1895  experiments  were  made  with  a  view  to  ascertain  to  what 
extt^nt  close  planting  may  be  advantageously  prac*ticed.  The  plants 
were  grown  in  rows  1,  H,  and  2^  feet  apart  with  the  distance  between 

*  Wis^consin  JStatioii  liytii*.  1894  and  1895. 
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plants  in  the  row  1,  1,  IJ  feet,  respectively.  In  this  experiment  the 
surface  area  per  pound  of  cured  leaf  was  60.64  square  feet  for  the 
closest  planting,  48.34  square  feet  for  the  next  closest,  and  47.40 
square  feet  for  the  widest  planting.  The  percentage  of  fillers  pro- 
duced ranged  from  10.19  per  cent  for  the  widest  planting  to  16.40 
per  cent  for  the  closest  planting. 

Close  planting  gave  a  large  increase  in  yield  and  diminished  the  size 
and  thickness  of  the  leaf.  The  difference  in  the  size  and  thickness  of 
the  leaf  between  plants  grown  1^  by  2^  and  those  grown  1  by  2i  feet 
was  not  so  marked  as  the  difference  in  the  yield,  and  this  effect  is  con- 
sidered as  show^ing  that  planting  1  foot  apart  in  the  row  was  not  too 
close  for  Wilson  Hybrid,  the  variety  grown  in  this  experiment. 

The  experience  of  the  Massachusetts  Hatch  Station  *  with  regard  to 
distance  of  planting  was  that  planting  3  feet  4  inches  by  1  foot  8  inches 
and  2  feet  8  inches  by  2  feet  gave  better  returns  than  planting  3  feet 
by  1  foot  6  inches.  The  author  concludes  that  too  close  planting 
interferes  with  the  development  of  the  leaves,  while  too  large  spaces 
between  plants  tend  to  produce  coarse  leaves. 

The  Florida  growers  have  shown  the  great  importance  of  the  proper 
distance  in  planting  in  the  improvement  of  the  qualit}^  of  tobacco. 
Mr.  M.  L.  Floyd'  briefly  cites  the  methods  used  by  the  Florida 
growers: 

In  order  to  improve  the  tobacco  and  adapt  it  to  the  trade  demands,  these  concerns 
have  indulged  in  all  sorts  of  experiments,  some  of  which  liave  proved  quite  expen- 
sive. However,  they  have  met  with  such  a  degree  of  success  as  to  warrant  them  in 
continuing  the  experimental  work.  There  were  many  questions  to  be  settle<l.  First 
of  all,  what  seed  should  be  used.  To  settle  this  question  seed  was  obtained  and  tried 
from  every  part  of  the  country.  This  point,  however,  was  soon  determined  and 
now  there  are  only  two  varieties  grown  in  the  State — Sumatra  and  Cuban — the 
Sumatra  giving  the  style  required  for  the  wrapper  and  the  Cuban  giving  the  filler 
qualities  nearest  the  requirements  of  the  trade.  As  each  of  these  tobaccos  possesses 
the  quality  and  style  needed,  the  kind  of  soil  best  suited  to  each  was  the  next  ix)int 
to  be  settled;  then  the  proper  fertilizer,  the  quantity  necessary,  and  the  proper  culti- 
vation hail  to  be  found  out  by  numerous  experiments.  At  first  it  was  thought  that 
bat  little  fertilizer  of  any  kind  should  be  used.  The  tobacco  was  ?et  out  early,  given 
a  distance  in  the  drill  of  about  24  inches,  and  topped  low ;  that  is,  not  jnore  than 
twelve  or  fourteen  leaves  were  allowed  to  each  stalk.  The  result  was  that  the  plants 
produced  large,  coarse,  undesirable  leaves.  The  next  step  was  to  give  the  tol>acco 
leas  distance  in  the  drill;  18  inches  were  tried.  The  result  was  better,  but  not  satis- 
factory. From  time  to  time  changes  were  made  until  now  the  plant  is  given  14 
Inches,  the  fertilizer  is  doubled,  and  the  tobacco  is  topi>ed  higher,  allowing  at  least 
fflxteen  leaves  to  each  stalk.  The  result  is  that  the  leaves  are  of  the  desirable  size 
and  finer  in  quality  and  appearance. 

For  a  long  time  the  cultivation  was  continued  until  the  time  of  harvesting,  but 
this  was  decidedly  wrong.  The  writer  has  seen  fields  of  tobacco  plowed  that  were 
ripe  and  ready  to  be  harvested,  and  in  consequence  the  tobacco  turned  green  and 

*  ^laasachusetts  Hatch  Station  Bui.  No.  47. 

"  Keport  No.  62,  U.  S.  Department  of  Agriculture,  Cultivation  of  Cigar-leaf  Tobacco 
in  Florida,  i>.  22. 
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started  a  new  growth.  This  generally  increases  the  yield,  but  almost  totally  destroji 
the  quality  of  the  tobacco.  At  present  the  cultivation  stops  as  soon  as  the  plantt 
are  topped. 

When  the  Sumatra  seed  was  first  introduced  into  Florida,  the  land  selected,  the 
amount  of  fertilizers  used,  and  the  methods  of  cultivation  and  harvesting  employed 
were  the  same  aa  those  practiced  in  growing  the  Cuban  variety.  With  this  treit- 
ment  Sumatra  proved  to  be  an  absolute  failure;  many  abandoned  the  seed,  white 
others  continued  to  experiment.  It  was  soon  found  that  the  soil  had  to  be  exceed- 
ingly rich,  the  growth  quick;  that  low  topping  was  ruinous,  and  that  each  stalk 
should  have  from  twenty-four  to  thirty  leaves,  according  to  the  strength  of  the  soiL 
When  the  land  was  exceedingly  rich  it  was  found  best  not  to  top  at  all,  but  to  allov 
the  plants  to  go  to  bloom.  Then  the  leaves  would  be  of  desirable  size,  thin  and 
smooth;  whereas  if  topped  the  leaves  would  curl  and  thicken.  This  tobacco  is  also 
crowded  into  the  drill,  the  plants  being  given  only  from  12  to  14  inches.  The 
growth  is  rapid;  the  top  leaves  soon  serve  as  a  shade  for  the  middle  and  lower 
leaves,  and  the  r^ults  have  been  most  gratifying.  New  land  proved  to  be  more 
desirable  for  this  variety  of  tobacco,  and  it  was  noticed  that  when  trees  were  left 
standing  in  the  field  the  plants  shaded  by  trees  were  far  superior  to  the  plants  not 
BO  shaded.  From  this  the  idea  of  building  artificial  shade  had  its  birth.  It  was  also 
found  that  no  good  results  could  be  obtained  if  the  plants  were  cut,  but  the  leaves 
should  be  primed  off  just  as  they  ripen,  and  at  a  very  eiarly  stage  of  ripeness. 

Further  experiments  along  these  lines  are  very  much  to  be  desired, 
but  the  purpose  of  the  investigation  should  be  determined  beforehand 
and  the  work  should  tend  toward  certain  ends.  For  example,  to  use 
an  illustration  already  referred  to,  the  Connecticut  growers  are  inter- 
ested in  the  production  of  a  fine  wrapper  leaf  of  moderate  size,  small 
veins,  elastic,  and  with  very  little  flavor.  The  size  of  the  leaf,  thick- 
ness, elasticity,  and  size  of  the  veins  may  all  be  more  or  le^  modified 
by  giving  space  or  by  crowding  in  the  row\  The  undesirable  qualities 
of  the  Connecticut  wrapper  should  be  recognized,  as  has  been  done  in 
the  case  of  the  Florida  tobacco,  and  such  qualities  eliminated  by 
attention  to  just  such  conditions  as  the  distance  apart  in  the  row  and  the 
height  at  which  the  plants  should  be  topped.  On  the  heavier  soils  of 
Pennsylvania,  on  the  other  hand,  efforts  should  be  directed  to  the  pro- 
duction of  a  highly  flavored  leaf  of  moderate  size.  These  are  qualities 
which  can  also  be  sensibly  affected  by  the  distance  of  planting  and  by 
the  time  and  manner  of  topping.  In  the  same  way  in  the  development 
of  the  tobacco  industry  in  the  export  and  manufacturing  districts,  the 
undesirable  qualities  in  the  leaf  may  often  be  eliminated  by  a  change 
in  the  method  of  planting,  cultivation,  or  topping  of  the  tobacco. 

FERTILIZER   EXPERIMENTS. 

Fertilizer  tests  with  tobacco  were  conducted  at  the  Kentucky  Experi- 
ment Station  during  several  seasons.  The  results  of  experiments  made 
in  1889  ^  indicated  that  muriate  of  potash  and  sulphate  of  potash  gave 
equally  good  results  as  fertilizers  for  tobacco  and  that  nitrate  of  soda 

^  Kentucky  Station  Bui.  No.  28. 
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produced  a  better  quality  of  leaf  than  other  forms  of  nitrogen.  A 
test  with  complete  and  incomplete  fertilizer  applications  for  tobacco 
was  made  in  1892.^  A  yield  of  1,460  pounds  of  cured  leaf  per  acre 
was  obtained  from  an  application  of  80  pounds  of  nitrate  of  soda,  80 
pounds  of  dried  blood,  160  pounds  of  muriate  of  potash,  and  140 
pounds  of  double  superphosphate  per  acre  and  a  yield  of  1,620  pounds 
was  obtained  from  an  application  of  double  these  amounts.  An  appli- 
cation of  160  pounds  of  muriate  of  potash  per  acre  resulted  in  a  yield 
of  1,390  pounds  of  cured  leaf  but  the  crop  was  poor  in  quality.  Pot- 
ash applied  alone  gave  better  returns  than  when  applied  with  nitrate 
of  soda  and  dried  blood  or  double  superphosphate.  The  complete 
fertilizer  mixtures  produced  the  best  yields  and  the  heavy  application 
the  best  financial  results. 

In  1893  *  fertilizers  were  used  on  soil  in  a  good  state  of  fertility. 
An  application  of  800  pounds  of  carbonate  of  potash  and  magnesium, 
160  pounds  of  nitrate  of  soda,  and  140  pounds  of  double  superphos- 
phate per  acre  increased  the  yield  of  cured  leaf  by  255  pounds  per 
acre  and,  when  160  pounds  of  muriate  of  potash  was  substituted  for 
the  carbonate  of  potash  and  magnesium,  the  yield  was  increased  265 
pounds.     Incomplete  fertilizer  mixtures  were  least  effective. 

In  1895 '  the  experiments  were  conducted  under  rather  unfavorable 
conditions.  The  author  concludes  from  the  results  obtained  that  sat- 
isfactory results  may  be  obtained  on  worn  Kentucky  soils  by  applying 
potash  fertilizers,  especially  when  used  in  connection  with  nitrogenous 
fertilizers. 

The  resulta  obtained  in  1896  *  confirm  the  conclusions  of  the  previous 
season. 

The  Marvland  Station  conducted  fertilizer  tests  in  different  tobacco- 
growing  sections  of  Maryland  in  1891  ^  and  1892.  Dissolved  South 
Carolina  rock  and  dissolved  bone  black  proved  to  be  profitable  sources 
of  phosphoric  acid,  and  high-grade  sulphate  of  potash  followed  by 
cotton-seed  hull  ashes  was  found  to  be  the  best  form  of  potash.  The 
author  concludes  that  nitrogen  should  be  applied  in  two  forms:  One- 
half  as  nitrate  of  soda  and  the  other  half  in  some  organic  form,  such 
as  dried  blood  or  tankage. 

In  1892  the  North  Louisiana  Experiment  Station  at  Calhoun  •  con- 
ducted fertilizer  experiments  with  tobacco  on  red  sandy  and  gray 
sandy  soil.  Potash  had  little  or  no  effect  on  the  increase  of  the  crop, 
but  nitrogen  either  in  the  form  of  nitrate  of  soda,  sulphate  of  ammonia, 
cotton-seed  meal,  or  dried  blood  caused  a  marked  increase  in  the  quan- 
tity produced.     An  application  consisting  of  cotton-seed  meal,  acid 

*  Kentucky  Station  Bui.  No.  45.  *  Ibid.  No.  66. 

'Ibid.  No.  55.  *  Marvland  Station  Bui.  No.  26. 

*Ibid.  No.  63.  "Louisiana  Stations  Bui.  No.  20, 2<1  sen 
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phosphate,  and  sulphate  of  potash  produced  the  best  quality  of  leaf. 
These  tests  were  continued  in  1893,^  and  the  results  indicated  that  nitro- 
gen  was  needed  most,  while  potash  was  the  least  necessary.  Complete 
fertilizer  mixtures  gave  the  best  results,  in  some  cases  increasing  the 
yield  over  100  per-cent  as  compared  with  a  crop  grown  without  the 
use  of  fertilizers. 

The  results  of  the  work  carried  on  in  1894  and  1895*  confirm  the 
conclusions  drawn  from  the  experiments  of  the  preceding  seasons 
and  indicated  that  cotton-seed  meal  was  the  best  and  cheapest  source 
of  nitrogen  for  the  tobacco  crop  in  that  region.  Since  potash  had 
shown  itself  least  effective  in  this  series  of  experiments  it  is  concluded 
that  cotton-seed  meal  and  acid  phosphate  is  the  best  tobacco  fertilizer 
mixture  for  the  soils  on  which  the  experiments  were  made. 

The  effects  of  different  fertilizers  on  tobacco  were  studied  at  the 
Virginia  Station'  in  1890.  Five  plats  fertilized  with  complete  fer- 
tilizers, all  of  the  same  cost  per  acre,  were  compared  with  an  unfer- 
tilized plat  As  a  source  of  nitrogen,  dried  blood  gave  the  largest 
yield  and  the  best  financial  returns.  Dried  blood  in  connection  with 
nitrate  of  soda  also  gave  good  results,  and  where  these  fertilizers 
were  appliexi,  either  in  combination  or  separately,  the  tobacco  fired 
very  little  as  compared  with  the  tobacco  grown  on  the  unfertilized 
plat.  There  was  also  much  more  stalk  rot  on  the  unfertilized  plat 
than  on  the  other  plato.  The  plat  which  had  received  sulphate  of 
ammonia,  sulphate  of  potash,  and  acid  phosphate  suffered  most  from 
field  fire  and  gave  smaller  returns  than  any  other  of  the  fertilized 
plats.  The  tobacco  grown  without  fertilizers  ripened  from  ten  days 
to  two  weeks  later  than  the  tobacco  grown  with  fertilizers. 

In  1893  the  Pennsylvania  Station  *  made  some  experiments  to  deter- 
mine the  relative  values  of  various  fertilizers  for  tobacco.  The  use  of 
fertilizers  increased  the  size  of  the  wrapper  leaves,  and  an  application 
of  double  carbonate  of  potash  and  magnesium,  contrary  to  the  claim 
sometimes  made  for  it,  had  no  restraining  effect  on  the  size  of  the  leaf. 
The  loss  in  sweating  the  crop  was  greatest  where  barnyard  manure  had 
been  used.  Phosphoric  acid  in  the  form  of  dissolvexi  bone  black 
showed  a  tendency  to  thicken  the  leaf,  and  nitrate  of  soda  produced  a 
very  dense  leaf.  Double  carbonate  of  potash  and  magnesium  produced 
a  thinner  web  than  sulphate  of  potash,  but  had  little  effect  upon  the 
vein.  As  to  burning  quality,  no  decided  differences  were  noticed, 
except  that  the  duration  of  glow  was  least  in  the  crop  fertilized  with 
barnvard  manure. 

In  connection  with   soil  tests  made  bv  the  North   Carolina  Sta- 


*  Louisiana  Stations  Bui.  No.  25,  2<l  ser. 
» Ibid.  Nop.  33  and  41,  2d  sen 

» Virginia  Station  Bui.  No.  12. 

*  Pennsylvania  Station  Bui.  No.  30. 
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tioD '  in  1891  and  1892  it  was  found  that  the  application  of  fertilizers 
famishing  nitrogen  and  phosphoric  acid  produced  the  best  quality  of 
leaf,  while  fertilizers  supplying  nitrogen  and  potash  gave  the  best 
results  in  yield  and  total  value  of  crop.  Potassium  chlorid  as  a  source 
of  potash  was  more  profitable  than  kainit  or  potassium  sulphate,  but 
the  use  of  the  sulphate  resulted  in  a  better  quality  of  leaf  as  compared 
with  the  other  forms  of  potash. 

Field  experiments  with  tobacco  were  conducted  by  the  Massachusetts 
Experiment  Station '  at  three  different  points  in  the  Connecticut  Val- 
ley within  the  State  during  three  seasons,  from  1893  to  1896.  The 
different  fertilizers  applied  had  a  greater  effect  upon  the  quality  of 
the  crop  than  upon  the  yield.  Cotton-seed  meal,  linseed  meal,  and 
castor  pomace,  when  used  in  connection  with  an  amount  of  nitrate  of 
Boda  or  nitrate  of  potash  sufScient  to  furnish  one-fourth  of  the  nitrogen 
needed  by  the  crop,  proved  equally  good  as  sources  of  nitrogen. 
Nitrate  of  soda  applied  with  acid  phosphate  or  dissolved  bone  black 
produced  a  better  quality  of  tobacco  than  nitrate  of  potash  under  the 
8Bme  conditions.  Cotton-seed  hull  ashes,  followed  by  high  grade  sul- 
phate of  potash,  were  observed  to  be  the  most  valuable  sources  of 
potash.  Nitrate  of  potash  produced  excellent  results  when  used  in 
connection  with  an  alkaline  phosphate,  such  as  phosphoric  slag  meal 
or  with  carbonate  of  potash  and  magnesia.  Potash-magnesia  sulphate 
as  the  main  source  of  potash  did  not  give  encouraging  results.  The 
author  classifies  the  fertilizer  mixtures  used  in  these  experiments  as 
follows: 

PirH  doss. 

Nitrate  of  soda,  rotton-seed  hall  ashes,  and  castor  pomace. 
Nitnte  of  soda,  cotton-seed  hull  ashes,  and  cotton-seed  meal. 
Nitrate  of  potash,  cotton-seed  hull  ashes,  and  cotton-seed  meal. 
Nitrate  of  potash,  carbonate  of  potash-magnesia,  and  phosphatic  slag. 

Second  claw. 

Nitrate  of  soda,,  high  grade  sulphate  of  potash,  cotton-^ecd  meal,  and  dissolved 
bone  black. 

Nitrate  of  soda,  high  grade  sulphate  of  potash,  linseed  meal,  and  dissolved  bone 
black. 

Nitrate  of  soda,  high  grade  sulphate  of  potash,  castor  pomace,  and  dissolved  bone 
black. 

Third  doss. 

Nitrate  of  potash,  x^tash-magnesia  sulphate,  cotton-seed  meal,  and  dissolved  bone 
black. 

Nitrate  of  potash,  potash-magnesia  sulphate,  castor  pomace,  and  dissolved  bone 
black. 


'  North  Carolina  Station  Bui.  No.  89. 
*  Maflsachuaetts  Hatch  8ta.  Bui.  No.  47. 
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This  classification  is  based  on  the  difference  in  color  and  compactn 
of  the  ash  of  the  tobacco  grown  with  the  different  fertilizer  appli 
tions.     Since  these  differences  were  slight  in  several  instances  the 
classification  is  considered  as  somewhat  arbitrary. 

The  most  extensive  series  of  fertilizer  tests  on  tobacco  reported  by 
the  experiment  stations  was  made  by  the  Connecticut  State  Experi-- 
ment  Station  '  in  connection  with  the  Connecticut  Tobac<?o  Experimenl 
Company  during  the  seasons  of  1892  to  1896,  inclusive.     The  expeiv 
ments  were  conducted  on  28  plats  on  which  different  fertilizers  or 
different  amounts  of  fertilizers   were  applied,  and  the   coDclusiona 
drawn  are  based  upon  the  average  results  for  four  or  five  years.     An 
application  of  210  pounds  of  nitrogen  per  acre,  either  in  the  fomi  of 
cotton-seed  meal  or  castor  pomace,  produced  larger  crops,  a  greater 
percentage  of  wrapper  leaf,  and  a  better  quality  of  tobacco  than  an 
application  of  175  pounds  or  105  pounds  of  nitrogen.     A  comparisoB 
of  cotton-seed  meal  and  castor  pomace  as  tobacco  fertilizers  showed 
that  castor  pomace  produced  on  an  average  for  five  years  25  pounds 
of  wrappers  more  per  ai^re  than  cotton-seed  meal,  but  the  average 
quality  of  leaf  raised  with  cotton-seed  meal  was  somewhat  better  than 
that  oi  leaf  grown  with  castor  pomace.     Linseed  meal  as  a  source  ot 
nitrogen  produced  on  an  average  for  four  3'^ears  167  pounds  of  wrap- 
pers per  acre  less  than  castor  pomace  and  66  pounds  less  than  cot'lon- 
seed  meal,  but  the  quality  of  the  leaf  from  the  linseed-meal  plat  was 
decidedly  better  than  from  the  other  two.     The  average  results  of  a 
(comparison  of  dry -ground  fish  and  cotton-seed  meal,  carried  on  for  four 
years,  showed  that  dry -ground  fish  yielded  257  pounds  of  wrapper  leaf 
per  acre  less  than  cotton-seed  meal,  but  in  quality  of  product  the  plat 
fertilized  with  dry -ground  fish  ranked  fourth  among  the  entire  number 
of  plats,  while  the  other  plat  i*anked  seventeenth.     Dry-ground  fish 
produced  56  per  cent  of  wrappers  in  the  crop,  and  the  cotton-seed 
meal  63  per  cent. 

Applying  one-half  of  a  dressing  furnishing  210  pounds  of  nitrogen 
per  acre,  in  the  form  of  nitrate  of  soda,  when  the  crop  was  nearly  half 
grown,  instead  of  applying  the  whole  amount  of  nitrogen  in  the  form 
of  castor  pomace  prior  to  setting  out,  the  crop  produced  a  heavier 
yield  of  tobacco  suitable  for  wrappers,  but  it  reduced  the  quality  of  the 
leaf  so  that  there  was  no  economy  in  the  practice.  The  average  yield 
for  four  years  of  tobacco  fertilized  with  tobacco  stems  was  976  pounds 
of  wrappers  per  acre,  as  compared  with  a  yield  of  681  pounds  for  the 
crop  grown  with  stable  manure,  but  the  stable  manure  produced  a 
better  quality  of  leaf  than  the  tobac*co  stems.  Taking  into  considera- 
tion the  results  obtained  with  stable  manure  and  cotton-seed  meal  the 
author  recommends  supplementing  an  application  of  stable  manure 

»  Connecticut  State  Station  Rpts.,  1892, 1893, 1894, 1895, 1896, 1897. 
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iridi  some   quickly  available  form  of  nitrogen,  8uch  a.s  cotton-seed 


k  stndy  was  also  made  of  the  effects  of  various  forms  of  potash  on 
ibe  quantity  and  quality  of  tobacco.  The  plats  fertilized  with  some 
brm  of  carbonate  of  potash  produced  a  smaller  yield  than  the  average 
field  for  all  the  potash  plats,  while  the  plats  which  received  potash  in 
Ike  form  of  sulphate  yielded  more  than  the  average.  Sulphate  of 
potash  produced  tobacco  which  had  slightly  heavier  leaves,  and  which 
jSl  not  hold  fire  quite  so  long  as  tobacco  produced  by  the  use  of  some 
iDrm  of  carbonate.  In  general  the  crops  fertilized  with  pure  carbonate 
rf  potash,  wood  ashes,  double  carbonate  of  potash  and  magnesia,  and 
totton-hiill  ashes  were  of  better  average  quality  than  the  crops  fer- 
tilized with  high-grade  sulphate  of  potash  and  double  sulphate  of 
fotash  and  magnesia,  either  with  or  without  lime.  The  addition  of 
Ime  had  little  effect  on  the  quality  of  the  leaf. 

IRKIGATION   OF  TOBACCO. 

The  effects  of  irrigation  on  the  product  of  tobacco  were  studied  by 

the  Wisconsin  Station  *  during  two  especially  dry  seasons.     In  1893  the 

crop  was  irrigated  twice  and  the  yield,  as  compared  with  the  yield  of 

unirrigated  land,  showed  an  increase  of  23  per  cent  in  the  weight  of 

the  uncured  crop,  33  per  cent  in  the  weight  of  the  cured  stalks,  and  7 

per  cent  in  the  area  per  pound  of  cured  leaf.     The  weight  of  the 

total  crop  of  cured  leaves  from  the  irrigated  and  unirrigated  plats  was 

practically  the  same,  showing  that  the  increase  in  the  weight  of  the 

green  crop  was  almost  entirely  due  to  the  increase  in  the  weight  of 

the  stalks.     One  hundred  cured  leaves  of  average  size  selected  from 

tobacco  grown  under  irrigation  weighed  about  13  per  cent  more  than 

'  the  same  number  of  leaves  similarly  selected  from  the  plants  grown 

witiiout  irrigation. 

In  1894  only  one  irrigation  was  given.  The  increase  due  to  irriga- 
tion in  the  weight  of  the  green  crop  was  7.35  per  cent,  in  the  weight 
of  the  cured  leaves  6.96  per  cent,  and  in  the  area  per  pound  of  cured 
leaf  1.7  per  cent.  After  the  crop  had  been  cured  800  sound  leaves 
were  selected  from  the  plants  grown  with  and  without  irrigation 
and  weighed.  The  leaves  from  the  iiTigated  plat  weighed  2.92  per 
cent  more  than  those  from  the  unirrigated  plat.  It  was  noticed  that 
the  plants  were  more  readily  broken  down  by  heavy  winds  on  the 
irrigated  plat  than  on  the  other.  A  better  yield  of  cured  leaf  was 
obtained  in  1894  with  one  irrigation  than  in  the  preceding  year  with 
two  irrigations.  It  was  shown  during  the  two  seasons  that  irrigation 
perceptibly  increased  the  yield  and  produced  a  thinner  leaf,  as  com- 

*  Wisconsin  Station  Rpt.,  1894. 
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pared  with  tobacco  grown  without  irrigation,  but  that  there  was  no 
other  noticeable  difference  in  the  quality  of  the  leaf. 

A  practical  experiment  on  a  commercial  scale  has  been  started  in 
Florida  in  the  irrigation  of  the  Sumatra  type  of  wrapper  leaf.  The 
first  crop  is  reported  to  be  of  the  finest  quality  that  has  ever  been. 
grown  in  the  State,  containing  a  larger  proportion  of  first-class  wrap- 
pers. The  experiments  are  being  continued  and  extended.  Next  year 
it  is  proposed  by  a  single  company  to  put  200  acres  under  tiie  ditcL 
It  is  not  only  necessary  in  this  case  to  provide  the  water  supply,  but 
the  distance  of  planting,  method  of  cultivation,  and  time  and  manner 
of  topping  must  all  be  controlled  in  reference  to  the  variety  of  tobacco 
planted  and  the  grade  it  is  proposed  to  produce — whether  a  wrapper 
or  a  filler  leaf. 

In  the  same  line  the  practice  of  shading  tobacco  in  Florida  may  be 
mentioned.  This  prevents  the  excessive  evaporation  from  the  plants 
as  well  as  from  the  soil,  and  has  had  a  marked  effect  in  improving  the 
quality  of  the  wrapper  leaf  and  in  increasing  the  percentage  of  wrap- 
per leaf  in  the  crop. 

An  older  method  of  irrigating  in  Florida,  by  the  use  of  overhead 
sprays,  was  reported  in  Bulletin  No.  13  of  the  Division  of  Soils.  This 
method  is  not  believed  to  have  been  as  economical  or  as  successful  as 
the  present  method  of  subirrigation  from  wooden  troughs  laid  in  the 
ground. 

INFLUENCE  OF  TIME   OF  HAKVESTING   ON    THE    YIELD    AND    THICKNESS 

OF  THE  LEAF. 

Experiments  were  undertaken  at  the  Wisconsin  Station  *  in  1895 
with  a  view  to  determining  whether  the  tobacco  leaf  increased  in  size 
and  thickness  and  whether  the  loss  in  curing  diminishes  when  the 
plants  are  allowed  to  stand  a  considerable  time  after  topping. 

Tobacco  plants;  were  topped  August  2  and  6  and  the  leaves  were 
picked  at  different  times,  varying  from  eighteen  to  thirty-two  days 
after  topping.  Upper  leaves  were  selected  as  samples  from  which  data 
were  detennined.  The  results  indicate  that  the  thickness  and  dr\'  mat- 
ter  of  the  leaf  tended  to  increase  up  to  thirty-two  days  after  topping, 
and  the  yield  showed  a  tendency  to  increase  in  like  manner.  Cured 
samples  which  had  been  harvested  eighteen  days  after  topping  had  a 
weight  of  459.2  grams  and  an  area  per  pound  of  cured  leaf  of  47.81 
square  feet  as  compared  with  the  weight  of  577.65  grams  and  an  area 
per  pound  of  cured  leaf  of  41.39  square  feet  for  cured  samples 
harvested  twenty-seven  days  after  topping.  There  was  no  material 
difference  in  the  percentage  of  loss  in  curing  between  the  various 
samples. 


*  Wisconsin  Station  Rept.,  1895. 
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Practical  growers  in  all  of  the  tobacco  districts  have  for  years 
experimented  upon  this  subject  and  very  marked  results  have  been 
attained  in  the  production  of  an  article  suited  to  the  market  demands. 
It  is  quite  possible  to  vary  the  commercial  grade  and  influence  the 
price  considerably  by  harv^esting  the  crop  at  different  stages  of  ripe- 
ness. This  has  been  taken  advantage  of  in  many  cases  in  catering  to 
many  trade  requirements.  It  is  one  of  the  methods  by  which  the 
quality  of  the  tobacco  can  be  sensibly  controlled. 

EFFECT  OF  PRIMING   TOBACCO   PLANTS. 

Priming  consists  in  removing  the  leaves  of  the  tobacco  plant  as  they 
mature. 

It  was  noticed  in  connection  with  curing  experiments  at  the  North 
Carolina  Station  ^  that  priming  had  a  marked  effect  on  the  growth 
and  chemical  composition  of  the  upper  leaves.  Removal  of  the  lower 
leaves  caused  an  increased  growth  in  the  upper  leaves  and  with  it 
an  increase  in  percentage  of  nitrogenous  matter  and  nicotine.  The 
quality  of  the  product  was  thus  somewhat  lowered  by  priming,  but 
the  gain  in  weight  more  than  compensated  for  the  loss  in  quality. 

Priming  the  leaves  from  the  stalk  as  they  ripen  is  believed  by  many 
practical  tobacco  growers  to  be  the  proper  method  of  harvesting  the 
cigar  and  cigarette  types,  for  in  this  way  alone  can  the  tobacco  be 
flawed  just  at  the  proper  stage  of  ripeness.  Priming  does  not  impair, 
but  improves,  the  quality.  The  increase  in  pounds  is  simply  due  to 
the  fact  that  the  upper  leaves  are  allowed  to  remain  on  the  stalk  until 
they  are  fully  developed  and  matured.  The  priming  of  tobacco  is 
more  expensive  than  cutting  the  stalk,  as  more  labor  is  required,  but 
the  improvement  in  quality  fully  warrants  this  additional  cost. 

The  method  of  priming  is  very  generally  used  now  with  the  bright 
yeflow  leaf  of  Virginia  and  North  Carolina,  and  with  the  Sumatra 
typeof  wrapper  leaf  in  Florida.  It  has  the  advantage  that  the  leaves 
are  uniformly  matured  when  they  are  hung  in  the  barn,  and  the 
finished  crop  is  therefore  of  a  more  uniform  character.  In  priming  it 
is  usoal  to  go  over  the  crop  three  or  four  times,  finally  cutting  the 
stalk  with  the  top  leaves  attached. 

EXPERIMENTS  IN  TOPPING  TOBACCO. 

The  Central  Experimental  Farm  at  Ottawa,  Canada,'  conducted 
experiments  in  topping  tobacco  plants  in  order  to  determine  how  the 
time  of  topping  and  the  number  of  leaves  left  on  the  plants  aflfect  the 
yield.  The  plants  were  topped  July  20  and  26  and  August  2,  and  on 
each  date  one  plat  was  cutback  to  9  leaves  and  another  to  11  leaves  per 

^  North  Carolina  Station  Bui.  No.  90a. 

'  Canada  Experimental  Farm  Report,  1897. 
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plant.  Early  topping  caused  the  plants  to  throw  out  suckers  freely, 
but  this  tendency  diminished  as  the  topping  was  done  later.  It  was 
found  sufficient  to  remove  the  suckers  from  the  later  topped  plants 
once,  while  from  the  plants  topped  on  the  two  earlier  dates  they  had 
to  be  removed  at  two  different  times.  The  larger  yields  were  obtained 
from  the  latest  topping  and  the  greater  number  of  leaves  per  plant. 

The  time  for  topping  a  tobacco  plant  is  when  the  seed  bud  has  well 
put  out.  If  the  soil  is  rich  and  the  tobacco  has  the  proper  distance 
only  the  seed  bud  should  be  taken  out;  all  leaves  should  1x5  allowed  to 
grow.  It  is  often  necessar}'^  to  remove  the  suckers  three  or  four  times 
after  topping. 

The  time  and  manner  of  topping  has  a  great  influence  upon  the 
character  of  the  leaf  produced.  As  a  rule  the  earlier  a  plant  is  topped 
and  the  lower  it  is  topped  the  heavier,  richer,  and  darker-colored  the 
leaves  become.  This  is  a  decided  advantage  for  some  crops,  but  a 
disadvantage  to  others.  In  the  production  of  the  finest  quality  of 
Sumati'a  wrappers  in  Florida  the  practice  has  recently  grown  up  of 
topping  very  high,  and,  indeed,  in  wet  seasons  or  on  heavy  soils,  where 
the  plants  are  making  a  luxurious  growth,  the  plant  is  allowed  to  go 
to  seed  in  order  to  keep  the  leaves  as  small  and  thin  as  possible. 

YIELD   OF   TOBACCO. 

The  yield  of  tobacco,  like  that  of  other  crops,  is  the  product  of  all 
the  factors  of  growth  and,  as  these  are  not  constant,  but  vary  con- 
siderably with  time  and  place,  the  yields  vary  at  different  times  and 
in  different  sections  of  the  countrv.  The  results  obtained  at  different 
experiment  stations  in  connection  with  experimental  work  are  here 
briefly  noted: 

At  the  North  Louisiana  Experiment  Station*  at  Calhoun  in  1893 
the  average  yields  of  bright  leaf  and  cigar  varieties  on  different  exper- 
imental plats  varied  from  712  to  1,280  pounds  of  cured  leaf  per  acre, 
respectiv^ely,  on  fertilized  and  unfertilized  plots;  in  1893'  an  acre  of 
bright  tobacco  yielded  692  pounds  of  cured  leaf,  and  11  varieties  of 
cigar  tobacco,  grown  on  fertilized  red  sandy  soil,  yielded  on  an  aver- 
age 1,046  pounds  per  acre,  while  an  acre  of  land  at  Shreveport,  La., 
under  the  management  of  the  station,  yielded  at  the  rate  of  from 
1,400  to  1,600  pounds  of  cured  cigar  leaf  and  from  1,600  to  1,80() 
pounds  of  bright  leaf;  in  1894''  the  average  yields  of  cured  leaf  per 
acre  of  cigar  and  bright  leaf  varieties  in  connection  with  soil,  variety, 
and  fertilizer  tests,  ranged  from  o59  to  1,086  pounds  per  acre;  and  in 
1895  *  the  results  of  similar  work  varied  from  505  to  788  pounds  per 
acre  in  the  yield  of  cured  tobacco  of  yellow  leaf  and  cigar  varieties. 

*  Louisiana  Stations  Bui.  No.  20,  2d  ser.  '  Ibid.  No.  33, 2d  eer. 

^  Ibid.  No.  25, 2d  ser.  *  Ibid.  No.  41, 2d  ser. 
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At  the  Alabama  State  Station  *  in  1893,  cigar  varieties  on  upland 
and  bottom  sandy  soils  ranged  in  yield  from  439.4  to  1,505.4  pounds, 
and  ping  tobaccas  from  575.4  to  1,744.6  pounds  of  cured  leaf  per  acre. 

The  North  Carolina  Station  *  reports  yields  of  cured  leaf  ranging 
from  665.5  to  1,542.7  pounds  per  acre. 

Long-leaf  Gooch  tobac*<.'0,  grown  in  connection  with  fertilizer  tests 
at  the  Virginia  Station  in  1890,*  yielded  762  pounds  of  cured  tobacco 
on  the  check  plat  and  1,035  pounds  per  acre  on  the  most  productive 
fertilized  plat. 

Plat  experiments  with  fertilizers  for  tobacco  at  the  Maryland  Sta- 
tion* in  1892  resulted  in  yields  of  cured  tobacco  per  acre  varying  from 
440  on  the  unfertilized  to  820  pounds  per  acre  on  the  fertilized  plats. 

At  the  Kentucky  Station'  in  1895  White  Burley  yielded  from  555  to 
1,499  pounds  of  cured  leaf  per  acre,  and  in  1896*  the  yields  of  experi- 
mental plats  varied  from  500  to  1,295  pounds  of  cured  leaf  per  acre. 

In  experiments  carried  on  by  the  MassachiLsetts  Hatch  Station,^  at 
Hatfield,  Agawam,  and  Westfield,  Mass.,  for  three  successive  years, 
the  yields  of  cured  leaf  varied  from  1,379  to  1,648  pounds  per  acre. 
The  percentage  of  wrapper  leaf  in  these  crops  ranged  from  21.2  to 
69.0  per  cent. 

In  connection  with  the  fertilizer  experiments  carried  on  for  five 
years  in  succession  by  the  Connecticut  State  Station,'  the  yield  for  all 
plats  for  the  entire  period  averaged  1,685  pounds  of  assorted  leaf  per 
acre.  The  average  yields  for  the  different  years  ranged  from  1,569  to 
1,HTB  pounds.  The  heaviest  yield  obtained  from  any  one  plat  was  at 
the  rate  of  2,'i80  pounds  per  acre.  The  average  yield  of  wrappers  for 
the  five  years  was  60.7  per  cent  of  the  total  yield,  with  a  range  from 
47.2  to  66.2  per  cent  for  the  different  seasons.  On  some  plats  as  high 
as  IS  per  cent  of  the  product  was  suitable  for  wrappers. 

Estimated  yields,  based  on  the  results  obtained  on  experimental 
plats  at  the  Wisconsin  Station  in  1893  and  1894,*  varied  from  1,484  to 
3,841.5  pounds  of  cured  leaf  per  acre. 

On  small  experimental  plats  at  the  Central  Experimental  Farm, 
Ottawa,  Canada, '*  the  rate  of  yield  has  been  estimated  in  different 
seasons  from  about  1,500  to  2,500  pounds  of  cured  leaf  per  acre. 

The  question  of  the  actual  yield  of  tobacco  is  an  important  con- 
sideration under  certain  circumstances,  but  is  a  matter  of  little  interest 
in  other  cases.  In  the  cigar  districts,  particularly,  the  influence  of 
quality  on  the  price  is  so  great  that  the  actual  yield  is  hardly  a  matter 

for  consideration.     At  the  same  time  other  factors  enter  in,  as  the  price 

^  Alabama  State  Station  Bui.  No.  54.  •  Ibid.  No.  66. 

'  North  Carolina  Station  Bui.  No.  89.  ''  Massachusetts  Hatch  Station  Bui.  No.  47. 

*  Viiginia  Station  Bui.  No.  12.  » Connecticut  State  Station  Rpt.,  1897. 

*  Maryland  Station  Bui.  No.  26.  »  Wisconsin  Station  Rpta.,  1894  and  1895. 

*  Kentucky  Station  Bui.  No.  63.  »<>  Canada  Central  Exptl.  Farm  Bui.  No.  30. 
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of  labor  in  the  grading  and  sorting  of  the  finer  gitules.  It  is  often 
more  profitable  to  raise  a  large  quantity  of  inferior  leaf  than  to  raise 
a  small  weight  per  acre  of  a  finer  leaf  which  can  not  be  economically 
sorted.  This  question,  therefore,  depends  to  a  very  great  extent  upon 
local  conditions,  and  especially  upon  labor  conditions. 

DISEASES  OF  TOBACCO. 

The  diseases  to  which  most  attention  has  been  given  are  those  which 
manifest  themselves  during  the  curing  process  and  which  are  com- 
monly known  as  stem  rot  and  pole  burn.     This  latter  disease  is  also 
referred  to  as  ^^  pole  sweat"  and  '* house  burn."    Both  of  these  diseases 
were  observed  and  studied  by  the  Connecticut  State  Station  during 
several  seasons.     As  observed  by  this  station,^  pole  burn  makes  its 
appearance  as  small  dark  spots  on  the  surface  of  the  leaf  near  the 
veins  and  midrib,  where  moisture  is  most  abundant.     These  spots  rap 
idly  increase  in  size,  soon  becoming  confluent,  and  within  thirty -six  to 
forty-eight  hours  the  whole  leaf  may  be  affected  and  the  entire  contents 
of  the  curing  barn  destroyed.     The  tobacco  changes  in  color  from  a 
green  yellow  to  a  dark  brown,  or  almost  black,  loses  its  fine  texture, 
and  reaches  such  a  stage  of  decay  that  the  leaves  are  separated  from 
the  stalk  by  their  own  weight.     From  investigations  made  at  the  sta- 
tion and  results  obtained  by  other  investigators  of  this  same  subject, 
the  author  infers  that  the  disease  is  due  primarily  to  a  fungous  growth 
which  attacks  the  leaf  on  the  surface  and  gives  access  to  a  bacterial 
process  of  decay  by  disintegrating  and  partially  destroying  the  leaf 
tissue. 

Cultures  of  the  bacteria  which  caused  this  rapid  decav  of  the  leaf 
were  studied  in  the  laboratorv,  and  it  was  ascertained  that  moisture 
and  temperature  have  a  marked  effect  on  the  activity  of  these  organ- 
isms. Decreasing  the  amount  of  moisture  decreased  their  vitality, 
and  a  temperature  up  to  70^  F.  or  even  90°  F.  favored  their  develop- 
ment, while  temperatures  of  over  100°  or  110°  and  below  35°  or  40° 
temporarily  or  permanently  checked  their  vitality.  Attempts  to  inoc- 
ulate thoroughly  cured  tobacco  with  the  bacteria  were  unsuccessful. 
The  author  concludes  from  his  study  that  pole  burn  can  be  prevented 
by  a  proper  regulation  of  moisture  and  temperature. 

In,  1893,'  although  conditions  were  most  favorable  for  curing 
tobacco,  an  experiment  was  conducted  to  test  the  effect  of  artificial 
heat  on  the  temperature  and  relative  humidity  of  the  air  in  a  tightly- 
closed  barn  filled  with  green  tobacco.  A  number  of  observations  were 
made  in  each  case  and  average  results  determined.  The  temperature 
of  the  outside  atmosphere  was  57°  F.  and  the  relative  humidity  70°. 
Inside  the  barn  the  temperature  was  54°  and  the  relative  humidity  82°. 
Opening  the  end  doors  and  the  lowest  row  of  ventilators  in  fair  weather 

» Connecticut  State  Station,  Rept.,  1891.  » Ibid.  1893. 
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brought  the  temperature  inside  the  barn^  6  feet  above  the  floor,  to  within 
one  de^ee  of  the  temperature  of  the  air  outside,  and  reduced  the  rela- 
tive humiditv  from  91?  to  86^  within  half  an  hour.  For  the  test  with 
artificial  heat  the  barn  was  tightly  closed  and  fire  started  in  two  of  the 
four  furnaces,  thus  using  only  one  set  of  flues.  One  hour  after  start- 
ing the  fire  the  relative  humidity  was  69^  and  the  temperature  71.5^  F. 
6  feet  above  the  barn  floor.  "By  using  only  half  the  available  heat- 
ing facilities  for  one  hour,  the  relative  humidity  of  the  interior  of  the 
bam  at  a  height  of  6  feet  from  the  ground  was  reduced  from  91^  to 
69^.  *  *  *  In  conclusion  we  are  justified  in  considering  that,  under 
the  atmospheric  conditions  most  favorable  to  the  development  of  ^  pole 
sweat,^  the  temperature  and  moisture  in  the  interior  of  a  closed  barn 
can  be  so  regulated  by  artificial  heat  as  to  reduce  to  a  minimum 
the  liability  of  curing  tobacco  to  damage  from  fungi  or  other  like 
organisms/^ 

No  special  experiments  were  made  with  stem  rot,  but  the  author 
states^  that  this  fungus  disease  which  frequently  affects  the  stems  of 
the  plants  in  the  last  stage  of  curing  seldom  matures  in  the  cured 
stalks,  owing  to  their  dryness  at  this  time.  As  a  remedial  measure  it 
is  suggested  that  when  the  crop  is  cured  all  stenLs  and  refuse  attacked 
by  stem  rot  be  burned  before  the  fungus  has  matured  and  the  barn  be 
fumigated  with  sulphur  immediately  after  curing  a  crop  and  again 
before  the  harvesting  of  the  next  season's  crop.  ''If  this  be  done 
*  *  *  the  danger  from  stem  rot  would  be  largely  decreased  if  not 
entirely  obviated." 

EXPERIMENTS  IN   CUBING   TOBAOCX). 

Experiments  with  different  methods  of  curing  tobacco  have  been 
conducted  by  the  experiment  stations  of  a  number  of  tobacco-growing 
States.  In  a  series  of  experiments  made  in  Maryland  and  reported  by 
the  ^iaryland  Experiment  Station '  tobacco  was  air  and  flue  cured  in  a 
frame  bam  and  flue  cured  in  a  log  barn.  Owing  to  more  favorable 
conditions  of  humidity,  flue  curing  gave  better  results  in  the  frame 
bam  than  in  the  log  barn.  Results  in  general  were  favorable  to  flue 
caring  as  compared  with  air  curing. 

At  the  North  Carolina  Station  in  1891,'  the  ordinary  method  of  cut- 
ting down  the  plant  and  curing  it  with  the  leaves  on  the  stalk  proved 
less  profitable  than  curing  by  the  Snow  process,  in  which  the  leaves  are 
cut  from  the  stalk  as  they  ripen  and  cured  separately.  By  the  ordi- 
nary method  326  pounds  of  cured  leaves  were  obtained  from  2,114 
pounds  of  fresh  leaves  and  stalks,  and  by  the  Snow  process  464  pounds 
from  2, 109  pounds  of  green  plants.     The  net  financial  returns  amounted 

'Connecticut  State  Station  Rpt.,  1891.  *  Maryland  Station  Bui.  No.  26. 

» North  Carolina  Station  Buls.  Nob.  86  and  90a. 
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to  $32.89  for  the  stalk-cured,  and  $53.55  for  the  leaf -cured  or  Snow 
process.  The  tobacco  cured  by  the  leaf  process  was  better  in  quality 
than  the  leaf  cured  on  the  stalks.  This  effect  is  ascribed  to  be  due  to 
harvesting  the  leaver  as  they  became  mature,  while  by  the  stalk  proc- 
ess many  of  the  lower  leaves  were  overripe  and  the  upper  leaves  still 
green  at  the  time  of  cutting.  Handling  the  leaves  on  the  stalks  also 
caused  a  greater  loss  than  handling  them  separately.  It  was  found 
that  the  time  and  temperature  required  for  curing  leaves  from  differ- 
ent parts  of  the  plant  varied  according  to  their  ripeness,  and  that  for 
this  reason  the  leaf -curing  proved  the  more  desirable  method,  since  the 
leaves  cured  at  one  time  were  all  of  the  same  degree  of  maturity  and 
required  like  treatment  to  produce  the  best  results  in  color,  quality, 
and  general  appearance.  The  author  states  that  carefully  regulating 
the  drying  by  artificial  heat,  as  practiced  in  the  Snow  curing  barn  and 
old  style  log  barn,  reduces  the  fermentative  changes  in  curing  to  a 
minimum.  It  is  believed  that  in  these  experiments,  owing  to  this  fact 
practically  the  whole  amount  of  glucose  present  in  the  leaves  remained 
unchanged  in  the  cured  product. 

The  record  of  temperature  in  leaf  curing  is  given  briefl}^  as  follows: 
The  temperature  in  the  barn  on  August  18,  at  9  a.  m.,  w^as  90"^;  at  10 
a.  m.,  95^.  On  August  19,  at  10  a.  m.,  lOO^;  11  a.  m.,  105^;  9.30  p.  m., 
120^.  August  20,  10  a.  m.,  125^;  2  p.  m.,  130^;  10  p.  ra.,  136^ 
August  21,  3  a.m.,  U0-;  B  a.  m.,  150^;  12  m.,  120%  aft^r  which  the 
temperature  was  allowed  to  fall  rapidly  and  the  next  morning  the 
tobacco  was  taken  out  of  the  barn.  In  this  process  the  leaves  lost 
81.44  per  cent  of  the  green  weight. 

The  Pennsylvania  Station^  found  that  on  an  average  72.70  per  cent 
of  the  weight  of  the  whole  plant  was  leaf,  and  that  the  cured  leaf  con- 
stituted 15.80  per  cent  of  the  weight  of  the  original  leaf  wMth  stalk- 
cured  tobacco  and  14.40  per  c^.nt  with  leaf -cured  tobacco.  The  per- 
centage of  leaf  tissue  was  also  somewhat  greater  in  the  stalk-cured 
product. 

The  Wisconsin  Station*  made  a  series  of  investigations  on  the  curing 
of  tobacco  in  1894,  and  the  results  obtained  were  confirmed  by  the 
repetition  of  the  experiments  the  following  season.'  It  was  found 
that  the  loss  of  water  in  curing  was  about  71  per  cent  of  the  weight 
of  the  green  plant.  The  rate  at  which  the  water  passed  off  increased 
gradually  from  the  time  the  leaves  were  well  wilted  until  their  color 
was  changing  from  yellow  to  brown.  The  water  appeared  to  be  elim- 
inated by  the  leaves  rather  than  extract<ed  from  them  by  drying.  It 
IS  stated  that  the  changes  in  the  color  of  the  leaf  during  the  curing 
process  were  not  directly  due  to  the  loss  of  moisture,  but  depended 
largely  upon  the  degree  of  ripeness,  the  riper  the  leaf  the  lighter  the 

1  Pennsylvania  Station  Rpt,  1894.  »  Wisconsin  Station  Rpt.,  1894.    »lbid.,  1895. 
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shade  of  brown  when  cured.  From  data  obtained  in  this  work  the 
author  considers  it  warrantable  to  conclude  that  tobacco  should  be 
cured  in  as  moist  an  atmosphere  as  possible  without  incurring  dam- 
age from  pole  burn.  A  temperature  within  the  curing  house  not 
exceeding  75^  F.  and  a  degree  of  humidity  among  the  plants  repre- 
sented by  a  wet  bulb  depression  of  2°  are  regarded  as  suitable  con- 
ditions. In  order  to  maintain  these  conditions  the  author  reconunends 
that  the  plants  should  1x5  evenly  distributed  in  the  curing  house  in 
order  to  equalize  the  humidity  in  the  building,  and  that  the  ventilation 
of  the  curing  house  should  be  under  perfect  control,  with  a  provision 
to  regulate  the  humidity  of  the  air  by  the  use  of  artificial  heat. 

In  connection  with  other  experiments  in  1895*  the  loss  in  curing 
leaves  harvested  on  different  dates,  from  August  24  to  September  2, 
ranged  from  85.5  per  cent  to  87.6  per  cent.  The  percentage  of  loss 
in  curing  was  not  materially  smaller  in  the  later  harvested  leaves.  In 
one  case  where  the  weight  of  the  cured  stalks  was  deducted  in  addition 
to  the  loss  of  water  the  loss  in  curing  I'anged  from  90.77  per  cent  to 
92.58  in  four  samples. 

Experiments  with  tobac^co  culture  were  conducted  for  several  years 
at  the  North  Louisiana  Experiment  Station,  at  Calhoun,*  and  in  con- 
nection with  these  the  percentage  of  loss  in  curing  the  product  was 
determined.  The  percentage  of  loss  in  curing  bright  leaf  and  cigar 
tobaccos  grown  with  or  without  fertilizers  on  red  sandy,  gray  sandy, 
or  new  land  ranged  from  about  70  to  90  per  cent,  but  the  results  did 
not  show  that  the  different  types  of  tobacco  or  the  different  soils 
and  methods  of  fertilization  had  any  special  influence  on  the  loss  in 
curing. 

In  1897  the  Connecticut  State  Station'  made  a  test  of  curing  tobacco 
on  the  stalk  in  a  curing  room  in  which  the  conditions  of  temperature 
and  humidity  were  under  control.     The  temperature  never  went  above 
88^  and  seldom  over  82^,  and  the  lowest  point  reached  was  59^;  but  the 
average  temperature  for  the  coldest  portion  of  the  twenty-four  hours, 
from  3  to  6  a.  m.,  was  69^.     The  heat  was  kept  uniform  throughout 
the  room,  and  before  the  leaves  had  come  to  color  the  humidity  was 
such  that  they  were  perfectly  limp  and  hung  like  damp  cloths.     The 
curing  was  continuous,  an  advantage  derived  from  the  control  of  the 
atmospheric  conditions  within  the  room.     The  results  of  the  experi- 
ments were  so  satisfactory  that  it  was  repeated  on  a  large  scale  in  a 
curing  barn.     Here  the  results  obtained,  so  far  as  the  work  was  carried 
on,  were  even  more  satisfactory  than  in  the  curing  room.     The  acci- 
dental burning  of  the  barn  and  the  tobacco  prevented  drawing  any 
further  conclusions. 

^  Wisconain  Station  Rpt.,  1895.  *  Louisiana  Stations  Buls.,  Nos.,  20,  25,  33. 

'  Connecticut  State  Station  Report,  1897. 
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FERBIENTATION   OF  TOBACCO. 

The  changes  going  on  in  the  fermentation  of  tobacco  and  their  causes 
have  not  been  studied  very  extensively  by  the  experiment  stations  up 
to  the  present.  The  most  attention  in  connection  with  this  subject 
has  been  given  to  the  loss  or  shrinkage  in  the  weight  of  the  leaves,  and 
in  several  instances  the  chemical  changes  which  take  place  during  fer- 
mentation have  been  determined.  In  1891  and  1892  the  Connecticut 
State  Station^  compared  the  weight  and  chemical  composition  of  cured 
and  fermented  leaves.  The  loss  in  the  fermentation  of  upper  leaves^ 
short  seconds,  and  first  wrappers  was  9.7,  12.3,  and  9.1  per  cent  of 
their  total  weight,  respectively.  About  three-fourths  of  the  loss  in 
the  short  seconds  consisted  of  water;  the  upper  leaves  lost  almost  the 
same  proportion  in  dry  matter,  and  in  the  first  wrappers  the  loss  of 
dry  matter  was  a  little  less  than  that  of  water.  The  nitric  acid, 
ammonia,  fiber,  and  starch  content  of  the  leaves  was  affected  very  little 
by  the  process  of  fermentation,  and  the  chief  loss  of  dry  matter  was 
found  to  have  occurred  in  the  nicotine,  albuminoids  and  amid  bodies, 
nitrogen-free  extract,  and  ether  extract.  The  upper  leaves  lost  over 
one-third  of  their  nicotine,  the  short  seconds  a  little  less  than  half, 
and  the  first  wrappers  less  than  one-sixth.  Fermentation  seemed  to 
have  been  most  active  in  the  upper  leaves,  which  lost  over  one-seventh 
of  their  nitrogen -free  extract  and  one-fifth  of  their  ether  extract 
The  first  wrappers,  which  constitute  a  large  and  the  most  valuable 
part  of  a  good  crop,  lost  only  5.8  per  cent  of  their  dry  matter,  this 
loss  being  mainly  in  the  ash,  nitrogenous  matters  other  than  nicotine, 
and  nitrogen-free  extract,  which  includes  the  **gum"  of  tobacco. 
The  author  does  not  consider  the  loss  of  ash  as  having  been  caused  by 
the  process  of  fermentation.  The  average  results  obtained  by  the  fer- 
mentation of  the  various  experimental  crops  of  tobacco  studied  by  this 
station  for  five  successive  years  are  of  importance  in  this  connection.* 
The  average  loss  of  weight  due  to  fermentation  in  the  crops  of  the 
different  seasons  ranged  from  8.1  to  14  per  cent,  but  the  crop  which 
lost  most  was  not  fermented  satisfactorily.  The  average  number  of 
leaves  per  pound  of  short  wrappers  was  87  before  fermentation  and  92 
after  fermentation,  and  of  long  wrappers  64  when  cured  and  68  when 
the  process  of  fermentation  was  completed.  The  largest  number  of 
fermented  short  wrappers  and  long  wrappers  per  pound  from  any  one 
plat  was  113  and  98,  respectively.  It  was  found  that  the  short  wrap- 
pers had  an  average  fire-holding  capacity  of  12  seconds  before  and 
28.5  seconds  after  fermentation,  and  the  long- wrapper  leaves  a  fire- 
holding  capacity  of  9.2  seconds  before  and  23.9  seconds  after  they  had 
been  fermented. 

» Connecticut  State  Station  Rpt.,  1892.  « Ibid.,  1897. 
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The  Pennsylvania  Station  ^  found  in  1894  that  the  loss  in  fermenta- 
tion was  greater  with  tobacco  fertilized  with  barnyard  manure  than 
with  tobacco  grown  with  other  fertilizers.  Applications  of  double 
carbonate  caused  a  greater  loss  in  fermentation  than  the  use  of  sulphate 
of  potash.  The  smaller  leaves  lost  more  than  the  larger  ones,  which 
is  considered  due  to  the  difference  in  degree  of  maturity.  Injury  from 
hail  and  rust  is  reported  as  having  had  no  effect  on  the  rate  of  fer- 
mentation. 

The  fermentation  of  tobacco  is  being  investigated  very  thoroughly 
by  the  Department  of  Agriculture,  and  four  reports  have  already  been 
issued  on  the  subject'  These  will  not  be  summarized  here  nor  will 
further  comment  be  made  upon  the  practical  development  in  this  line 
as  this  has  been  fully  discussed  in  the  publications  referred  to  which 
can  readily  be  obtained. 

COST  OP  PBODUCING  TOBACCO. 

The  cost  of  growing  tobacco  has  been  studied  by  only  three  stations. 
By  two  of  these  stations  only  estimates  are  given.  At  the  Georgia 
Station '  in  1892  the  cost  of  producing  an  acre  of  tobacco,  including 
curing  and  grading,  amounted  to  $42.07.  The  cost  of  producing  an 
acre  of  cured  tobacco  at  the  South  Carolina  Station*  in  1898  was 
$48.05,  and,  including  the  expense  of  preparing  and  marketing  the 
crop,  the  cost  of  production  is  estimated  at  $70  per  acre.  The  Colo- 
rado Station  ^  estimates  the  cost  of  producing  and  marketing  one  acre 
of  tobacco  in  Colorado  at  $78.50. 

The  cost  of  producing  the  Florida  tobacco  is  considered  by  Mr. 
Floyd  in  Report  No.  62  of  the  U.  S.  Department  of  Agriculture. 
He  estimates  the  cost  to  the  large  Florida  growers  when  all  labor  has 
to  be  hired  at  about  18i^  cents  per  pound  when  cured,  with  an  addi- 
tional cost  of  5  to  8  cents  per  pound  for  fermenting,  grading,  sorting, 
and  packing.  The  actual  outlay  to  the  small  farmer,  who  has  much 
or  all  of  the  labor  done  by  himself  or  the  members  of  his  family,  is 
considerably  less,  but  working  on  small  quantities  the  fermentation 
and  grading  can  not  be  so  carefully  done,  and  the  product  is  not  so 
valuable. 

'  Penneylvania  Station  Bui.  No.  30. 

"Farmere'  Bui.  No.  60,  Methods  of  Curing  Tobacco.    Milton  Whitney,  1898. 
Report  No.  59,  Curing  and  Fermentation  of  Cigar-leaf  Tobacco.    Oscar  Loew,  1899. 
Report  No.  60,  Temperature  Changes  in  Fermenting  Piles  of  Cigar-leaf  Tobacco. 
Milton  Whitney  and  Thomas  H.  Means,  1899. 
Report  No.  62,  Cultivation  of  Ggar-leaf  Tobacco  in  Florida.     Marcus  L.  Floyd,  1899. 
•Geoiigia  Station  Bui.  No.  19. 

*  South  Carolina  Station  Rpt.,  1898. 

*  Colorado  Station  Rpt,  1888. 
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CHEMICAL  COMPOSITION  OF  THE   TOBACCO   PLANT. 

The  chemical  composition  of  the  tobacco  plant  has  been  studied  by 
the  stations  from  various  ppints  of  view,  The  different  parts  of  the 
plant  have  been  analyzed  to  determine  the  amount  of  plant  food  con- 
tained in  them.  Studies  have  been  made  to  ascertain  the  effect  of 
curing  and  fermenting  upon  the  composition  of  the  leaf  and  stalk;  and 
the  composition  of  the  refuse,  such  as  tobacco  dust  and  tobacco  stems, 
has  been  determined  to  show  its  value  as  a  fertilizing  material.  A 
number  of  analyses  of  tobacco  ash  are  also  reported.  The  most  impor- 
tant results  are  here  briefly  summarized. 

At  the  Colorado  Station,^  the  analyses  of  the  ash  of  a  number  of 
varieties  of  tobacco  showed  that  the  composition  of  the  samples  grown 
was  similar  to  the  average  composition  of  tobaccos  produced  in  Con- 
necticut and  elsewhere.  One  qualitative  test  for  acids  in  the  leaf  was 
made,  and  acetic,  pectic,  citric,  malic,  and  oxalic  acids  were  found. 
The  leaves  also  contained  considerable  quantities  of  resinous  and  fatty 
substances.  The  ash  of  Havana  tobac/co  grown  on  poor  soil  was  found 
to  contain  more  than  twice  as  much  silica  but  considerably  less  lime, 
potash,  and  carbon  dioxid  than  the  same  variety  grown  on  rich  soil. 

A  study  of  the  occurrence  of  nitrates  in  tobacco  at  different  stages 
of  growth  made  at  the  North  Carolina  Station'  pointed  out  that  the 
nitrates  are  confined  almost  entirely  to  the  stalk  and  stems  in  the  young 
plants.  During  the  later  growth  of  the  plant  practically  no  nitrates 
were  found.  Samples  of  tobacco  stems  from  different  sources  were 
analyzed  by  the  station  and  compared.  Stems  of  cigar  tobacco  from 
Missouri,  Connecticut,  and  Ohio  and  stems  of  export  tobacco  from 
Virginia  contained  0.83,  0.72,  0.60,  and  0.54  per  cent  of  nitrates, 
respectively,  while  stems  of  cigarette  tobacco  from  North  Carolina  con- 
tained 0.15  per  cent.  No  nitrates  were  found  in  North  Carolina  stems 
of  chewing  tobacco  or  in  the  dust  from  the  North  Carolina  product 
In  general  the  total  nitrogen  content  was  smaller  in  North  Carolina 
tobacco  stems  than  in  those  obtained  from  tobacco  grown  in  the 
other  States  mentioned.  Whole  leaf  of  North  Carolina  bright  tobacco 
cured  by  the  leaf -curing  process  contained  16.23  per  cent  of  potash, 
while  the  same  kind  of  tobac;co  cured  by  the  stalk-curing  process  con- 
tained 21.81  per  cent.  Other  variations  in  the  composition  of  tobacco 
resulted  from  the  two  methods  of  curing,  but  it  is  believed  all  these 
differences  in  the  chemical  composition  are  due  mainly  to  the  manner 
and  time  of  harvesting,  and  that  in  general  the  composition  of  tobacco 
cured  by  similar  methods  is  not  materially  affected  by  separating  the 
leaf  from  the  stem  before  curing  if  the  condition  of  the  tobacco  is 
the  same  when  put  into  the  barn. 

1  Colorado  Station  Bui.  No.  10.  » North  Carolina  Station  Bui.  No.  90a- 
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Analyses  of  parts  of  the  tobacco  plant  at  different  stages  of  growth 
were  made  at  the  Virginia  Station  in  1894.*  Nearly  one-half  of  the 
ash  of  yoang  plants  consisted  of  potash,  amounting  to  three  times  the 
content  of  lime.  The  percentage  of  ash  in  the  leaf  at  four  different 
stages  was  about  the  same,  increasing  slightly  from  topping  until  cured. 
The  nitrogen  content  was  nearly  1  per  cent  higher  at  the  time  of  top- 
ping than  when  the  leaf  was  cured,  while  the  percentage  of  phosphoric 
acid  showed  v  er^^  little  change,  being  a  little  higher  when  the  plants 
were  topped  than  when  cured.  The  potash  was  highest  at  topping 
and  lowest  when  the  leaf  was  cured,  w^hile  the  reverse  was  true  of  lime. 
Soda  was  found  to  be  a  little  lower  at  topping  than  at  any  other  time. 
The  percentage  of  magnesia,  sulphuric  acid,  and  chlorin  was  found 
slightly  increased  in  the  cured  state.  The  plants  taken  from  the 
plant  bed  contained,  in  an  air-dried  condition,  nearly  3  per  cent  of 
nitrogen,  nearly^  1  per  cent  of  phosphoric  acid,  over  8  per  cent  of 
potash,  and  about  2.5  per  cent  of  lime.  Results  further  show  that  at 
the  time  of  topping  the  whole  plant  contained  about  3  per  cent  of 
nitrogen,  one-third  of  1  per  cent  of  phosphoric  acid,  about  4  per 
cent  of  potash,  and  over  2  per  cent  of  lime.  At  the  time  of  cutting 
it  contained  nearly  3  per  cent  of  nitrogen,  one-third  of  1  per  cent  of 
phosphoric  acid,  and  more  than  3^  per  cent  of  lime. 

A  series  of  analyses  of  different  grades  of  manufacturing  tobacco 
from  Virginia,  West  Virginia,  and  North  Carolina  were  made  by  the 
Virginia  Station  and  reported  about  the  same  time  as  the  work  de- 
scribed above.*  The  results  are  of  interest  in  showing  to  what  extent 
the  chemical  composition  of  grades  of  manufacturing  tobacco  is  subject 
to  variations.  The  samples  analj^zed  were  taken  from  the  crops  of 
181H)and  1891.  The  question  of  varieties  was  not  considered.  In  the 
san-cured  tobac<;o  the  crop  of  1891  in  one  county  contained  about  one 
and  one-half  times  as  much  potash,  nearly  twice  as  much  sulphuric 
acid,  and  one-sixteenth  more  lime  than  that  of  1890.  High-grade 
bright  flue-cured  and  low-grade  bright  flue-cured  tobacco  grown  in  dif- 
ferent counties  in  different  vears  were  found  to  contain  al)out  the  same 
amount  of  ash,  but  the  low-grade  tobacco  contained  about  twice  as 
much  nitrogen,  phosphoric  acid,  potash,  magnesia,  and  sulphuric  acid 
as  the  high  grade.  The  chlorin  content  of  the  grades  was  about  the 
same,  but  the  amount  of  soda  and  insoluble  matter  in  the  high  grade 
was  about  six  times  as  much  as  in  the  low  grade.  In  one  county  the 
potash  in  the  crop  of  1891  was  about  one  and  one-half  times  that  of 
1890,  the  magnesia  and  chlorin  nearly  twice  as  much,  and  the  insoluble 
matter  about  one-fifth  as  much.  The  analyses  of  manufacturing  to- 
bacco grown  in  Virginia  agreed  very  well  in  their  ash  content,  except 
in  one  county,  where  it  was  much  lower.     The  potash  did  not  agree 

'  Virginia  Station  Bui.  No.  50.  'Ibid., No.  51. 
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except  in  one  or  two  cases.  The  lime  content  varied  considerably  in 
all  cases  and  in  chlorin  and  in  insoluble  matter  there  was  very  liUle 
agreement.  In  samples  from  West  Virginia  and  North  Carolina  the 
ash  constituents  agreed  fairly  weU,  but  the  chlorin  varied  considerably, 
varying  in  the  ash  from  2.22  to  8.08  per  cent.  The  percentage  of  ash, 
nitrogen,  and  potash  was  higher  and  that  of  lime  much  lower  in  the 
samples  from  West  Virginia  than  of  those  from  North  Carolina. 

The  Virginia  Station  *  shows  that  in  average  composition  the  leaves 
and  stalks  do  not  dilSfer  materially  except  in  the  nitrogen,  of  which  the 
leaves  contain  about  two-thirds  of  1  per  cent  more  than  the  stalks. 
The  roots  were  found  to  contain  on  an  average  nearly  2  per  cent  of 
nitrogen,  2  per  cent  of  phosphoric  acid,  and  1.76  per  cent  of  potash. 

The  chemical  changes  in  tobacco  during  fermentation  as  determined 
by  the  Connecticut  State  Station*  have  been  discussed  under  Effects  of 
Fermentation  (p.  28).  Complete  results  of  the  work  are  given  in  the 
following  table: 

Analyses  of  fermented  and  unfermenled  leaves. 


Upper  leaves. 

Short  seconds. 

First  wiappen. 

Unfer- 
mented. 

Fer- 
mented. 

Unfer- 
mented. 

Fer- 
mented. 

Unfei^ 
mented. 

Fc^ 

menied. 

Water 

Percent. 

23.50 

14.89 

2.50 

1.89 

.67 

12.19 
7.90 
8.20 

29.39 
8.87 

Percent 

23.40 

16.27 

1.79 

1.97 

.71 

18.81 

8.78 

8.36 

27.99 

3.42 

Percent. 

27.40 

22.85 

.77 

2.89 

.16 

6.69 

7.89 

2. 62 

26.28 

2.95 

Per  cent, 

21.10 

25.25 

.50 

2.82 

.16 

6.81 

8.95 

8.01 

28.36 

8.04 

Per  cent 

27.50 

15.84 

1.26 

2.59 

.83 

11.81 

9.92 

2.89 

25.52 

2.84 

PerceKL 

Ash 

16.22 

Nicotine 

1.14 

Nitric  acid  (N,Oii) 

2.85 

Ammonia  (NHg) 

.47 

other  nitroirenoufl  matters 

11.62 

Fiber 7. 

10.42 

Starch 

8.0 

Other  nitroeen-free  extract 

26.» 

Ether  extract 

zn 

Analyses  of  tobacco  leaves  are  reported  by  several  experiment  sta- 
tions as  given  in  the  following  table: 

Analyses  of  tobacco  leaves. 


Experiment  station. 


Virginia! 

Massachusetts  State,  1^1  ^ 
Massa(;hiisetts  State,  1892  « 
Kentuclcy  * 


Moisture.  Nitrogen. 


Per  cent. 

7.62 
11.97 
13.05 

6.80 


Per  cent, 
4.37 
2.95 
2.75 
3.02 


1  Virginia  Station  Bui.  No.  14. 

s  Connecticut  State  Station  Rpt.  1892. 

s  Massachusetts  State  Station  Rpt.  1891. 


Phos- 
phoric 
acid. 

Potash. 

Lime. 

Mag- 
nesia. 

IniolQble 
matter. 

Per  cent. 

0.502 

1.150 

.430 

.960 

Per  cent 
6.738 
6.060 
7.240 
6.550 

Per  cent. 
5.449 
4.830 
4.170 

Per  cent. 
0.966 
1.360 
2.170 

Pereeni 
l.»fS 
2.8S0 
4.170 

*lbid.,  1892. 

6  Kentucky  Station  Rpt.  1895. 
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BURNING   QUALITY    OF  TOBACCO. 


A  comparison  of  the  fire-holding  capacity  of  a  number  of  different 
varieties  and  types  of  tobacco  was  made  by  the  North  Carolina  Sta- 
tion ^  in  1895.  Strips  of  tobacco  leaves  were  pressed  out  flat,  dried, 
ignited,  and  the  time  noted  during  which  they  continued  to  hold  fire. 
Several  parts  of  the  same  leaf  and  different  leaves  from  the  same  lot 
were  tested  in  this  way  and  the  results  averaged.  The  following  table 
shows  the  results  of  these  tests: 

Burning  quality  of  tobacco. 


Variety  or  type. 


Where  grown. 


Glow,  in  He<'ond8. 


-Vvcrage. 


Dom(9itic  Havana  Eureka 

Cigar  leaf  wrapper 

London  Strips 

White  Burley 

WilsonHybrid 

German  Spinning  Leaf 

Pennsylvania  Seed  Leaf 

Hivana  Seed  Leaf 

Fancy  English  Strips 

Bright  Wrapping  Leaf 

Austrian  Wrapper 

Italian  Regie 

French  Regie  Snuff  Leaf 

Fine  bright  mahogany  wrapper. 

Ohio  Spanish 

Small  aark  wrapper 

Colory  Seconds 

White  Burley 

Yellow  t^tbaceo 

Ik) 

Reddish  brown 

Do 

White  Burley 

Seed  Leaf 

light  Brown 

Spanish  type 

Bright  wrapper  (leaf  cure) 

Bright  wrapper  (stalk  cure) 

Yellow  nnoker  (leaf  cure) 

Yi^How  smoker  (stalk  cure) 

Yellow  cutter  (leaf  cure) 


New  Y'ork 

Florida 

Kentucky 

do 

Massachusetts . 

Tennessee 

Pennsylvania  . 

Connecticut 

North  Carolina 

Virginia 

do 


do 

do 

do 

Ohio 

Virginia 

Maryland 

Ohio 

Georgia 

Alabama 

Kansas 

Missl»ilppi 

West  Virginia . . 

Illinois 

Indiana 

Tennessee 

North  Carolina. 

do 

do 

do 

do 


Range. 


14 

5-35 

117 

(a) 

8 

5-25 

7 

4-18 

13 

5-28 

11 

7-15 

175 

(ft) 

16 

4-45 

5 

4-6 

4 

2-8 

5 

3-8 

81 

10-90 

5 

;v^ 

6 

4-8 

24 

8-50 

24 

14-50 

39 

15-^ 

4 

2-6 

4 

2-« 

G 

4-10 

6 

4-10 

6 

&-7 

52 

15-150 

12 

4-30 

10 

5-25 

15 

5-40 

5 

3-7 

5 

1   -^-^ 

8 

4-13 

7 

4-12 

8 

4-15 

a  Burned  to  end  of  strip. 


5  Burned  2^  in.  and  put  out. 


A  comparison  of  the  chemical  composition  of  the  different  samples 
\?as  made,  and  it  was  found  that  the  tobacco  having  the  best  burning 
quality  contained  a  high  percentage  of  ash  constituents,  and  that  a  large 
percentage  of  lime  and  potash  in  proper  combination  and  an  increased 
percentage  of  cellulose  were  associated  with  good  burning  qualities. 
In  general,  thin  leaves  with  a  delicate  structure  burned  better  than 
coarse,  heavy  leaves.  The  results  further  indicate  that  albuminoids 
seem  to  be  injurious  to  the  burning  quality,  while  nicotine  seems  to  bo 
an  unimportant  factor  in  this  connection. 

It  is  generally  accepted  that  tobacco  containing  a  large  amount  of 
chlorids  has  a  low  fire-holding  capacity,  and  it  has  been  found  that  an 
abundance  of  potash  counteracts  the  effects  of  chlorin  to  a  certain  extent. 


'  North  Carolina  Station  Bui.  No.  122. 

13931— No.  63 3 
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This  seems  to  have  been  verified  in  the  sample  of  Pennsylvania  seed 
leaf  from  Pennsylvania,  which  ranked  as  one  of  the  highest  in  fire- 
holding  capacity,  although  containing  nearly  1  per  cent  of  chlorin 
which,  however,  was  accompanied  by  a  high  percentage  of  potash  and 
lime.  The  sample  of  French  Regie  Snuff-leaf  from  Virginia  had  a 
compai"atively  high  percentage  of  chlorin,  but  the  potash  content  was 
relatively  small  and  its  burning  qualities  poor.  The  author  concludes 
from  this  observation  that  the  effect  of  chlorin  mav  be  overcome  to  a 
certain  extent  by  the  amount  of  potash  present,  but  that  very  large 
amounts  would  probably  not  be  counterbalanced  in  this  wny.  Of  the 
several  ash  constituents,  potash  and  lime  are  considered  most  important 
in  promoting  combustion. 

TOBACCO  STALKS  AND  STEMS  AS  FERTILIZEBS. 

Since  the  stalks  of  tobacco  and  the  stems  of  the  leaves  constitute  a 
large  part  of  the  crop,  which  is  usually  not  removed  from  the  farm, 
the  amount  of  plant  food  they  contain  becomes  an  item  of  considerable 
importance.  Analyses  of  tobacco  stems  when  cut  and  after  curing 
were  made  bv  the  Connecticut  State  Station*  in  1891.  From  the  data 
obtained  the  plant  food  taken  from  the  soil  by  the  stalks  while  grow- 
ing and  returned  to  it  when  plowed  under  is  determined.  It  was  found 
that  the  stalks  on  an  acre  of  tobacco  containing  8,000  plants  weigh 
about  9,500  pounds  at  the  time  of  cutting,  and  3,300  pounds  when  they 
have  been  cured.  The  average  results  show  that  these  stalks  contain 
32  pounds  of  nitrogen,  8  pounds  of  phosphoric  acid,  49  pounds  of  pot- 
ash, 3  pounds  of  soda,  13  pounds  of  lime,  5  pounds  of  magnesia,  5 
pounds  of  sulphuric  acid,  and  6  pounds  of  chlorin.  The  amount  of 
nitrogen,  phosphoric  acid,  and  potash  in  the  stalks  was  greater  after 
curing  than  at  the  time  of  cutting. 

Anal  308  of  stalks  of  different  varieties  of  tobacco  made  bv  the  Vir- 
ginia  Station*  show  that,  on  an  average,  the  stalks  of  air-dried  plants 
contained  3.71  per  cent  of  nitrogen,  0.646  per  cent  of  phosphoric  acid, 
6.02  per  cent  of  potash,  and  2.22  per  cent  of  lime.  The  stalk  is  con- 
sidered as  constituting  a  little  less  than  one-fourth  of  the  average  plant 
The  results  of  using  tobacco  stems  as  a  fertilizer  for  tobacco  at  the 
Connecticut  State  Station  have  been  given  under  fertilizer  experiments 
(p.).  Only  one  other  test  of  this  kind  is  reported.  At  the  Ken- 
tucky Station,'  soil  which  had  received  an  application  of  4,000  pounds 
of  tobacco  stems  per  acre  yielded  at  the  rate  of  80.1  bushels  of  ear 
corn  and  6,270  pounds  of  fodder  per  acre  as  compared  with  a  yield  of 
47.6  bushels  of  ear  corn  and  3,940  pounds  of  fodder  on  soil  which  had 
received  no  fertilizer.     Tobacco  stems  were  the  most  effective  ferti- 


» Connecticut  State  Station  Report,  1892.  » Virginia  Station  Bui.  No.  14. 

•  Kentucky  Station  Bui.  No.  17. 
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lizer  in  a  series  of  f  ertUizer  experiments  with  corn.  It  is  stated,  how- 
ever, that  it  is  not  known  whether  the  pkfcts  on  which  this  test  was  made 
had  been  fertilized  alike  prior  to  the  time  this  experiment  was  under- 
taken. 

Below  are  given  analyses  of  tobacco  refuse  as  reported  by  several 
experiment  stations: 

Plant  food  in  tobacco  refuse. 


Tobacco  stems. 

Trxl 

u^^^^  jt.. 

...A 

Experiment  stations. 

Whole.                             Ground. 
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aStem  analysis,  Connecticut  State  Station  Rpt.  1897,  p.;  dust  analysis,  Rpt.  1896. 

6  MasBachosettB  Hatch  Station  Bui.  No.  48. 

eSt^n  analysis,  New  Jersey  Stations  Bol.  84,  p.;  dust  analysis,  Rpt.  1894. 

d  Kentucky  Station  Rpt.  1896. 

e  Pennsylvania  Station  Rpt.  1895. 

NICOTINE  IN  TOBACCO. 

The  subject  of  nicotine  in  tobacco  was  investigated  by  the  North 
Carolina  and  Virginia  stations.  The  Virginia  station  ^  found  that  the 
average  percentage  of  nicotine  in  the  air-dry  substance  of  the  leaf  of 
White  Barley,  Medley  Pryor,  and  Yellow  Oronoko  was  3.46  per  cent 
when  the  plants  were  ready  to  be  topped,  3.79  per  cent  at  the  time 
of  cutting,  and  6.51  per  cent  when  the  leaf  was  cured.  At  the  time  of 
topping  the  plants  there  was  little  difference  in  the  nicotine  content 
of  the  leaf  of  the  three  varieties,  while  at  harvest  time  the  difference 
was  more  marked,  the  nicotine  content  in  the  leaf  being  3.21  per  cent 
for  White  Burley,  4.32  for  Medley  Pryor,  and  3.83  for  Yellow  Oronoko. 
In  different  grades  of  manufacturing  tobacco,  the  nicotine  content 
ranged  from  1.64  per  cent  in  high  grade,  bright,  flue-cured  tobacco  to 
6.56  per  cent  in  English  shipping.  Among  these  grades  the  light 
tobacco  was  found  to  contain  the  lowest  and  the  dark  tobacco  the  high- 
est percentage  of  nicotine. 

Besults  obtained  at  the  North  Carolina  Station  *  indicated  that  the 
nicotine,  when  the  plant  is  mature,  is  found  mainly  in  the  leaves. 
Analyses  of  typical  tobaccos  grown  in  the  United  States  show  that  in 
the  samples  tested  the  nicotine  in  the  water  free  substance  of  the  leaf 
ranged  from  1.45  per  cent  in  Pennsylvania  Seed  Leaf  to  5.53  per  cent 
in  German  Spinning  Leaf,  grown  in  Tennessee.  The  author  associ- 
ates a  coarse,  rank  growth  with  a  comparatively  large  amount  of  nico- 


^  Virginia  Station  Bui.  52. 


North  Carolina  Station  Bui.  122. 
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tine,  and  states  that  the  percentage  of  nicotine  is  materialh-  increased 
by  the  use  of  large  quantities  of  nitrogenous  fertilizer.  Nicotine  wia 
not  found  to  be  an  important  factor  in  affecting  the  burning  quality  of 
tobacco.  It  is  stated  that  the  nicotine  content  of  tobacco  \es.{  is  materi- 
ally reduced  in  the  process  of  fermentatioif,  but  no  figures  are  given 
to  show  to  what  extent  this  reduction  takes  place.  • 

The  Connecticut  State  Station  *  found  that  the  picotine  content  was 
reduced  by  fermentation  from  2.5  to  1.62  per  cent  in  upper  leaves, 
from  .77  to  .44  per  cent  in  short  seconds,  and  from  1.25  to  l.u5  per 
cent  in  first-wrapper  leaves. 

ARSENIC   IN    SPRAYED   TOBACCO. 

The  presence  of  arsenic  in  tobacco  sprayed  with  arsenites  was  stud- 
ied by  the  Kentucky  Station  to  determine  whether  or  not  enough 
arsenic  was  left  on  the  leaves  of  the  plant  to  injuriously  affect  the 
health  of  the  consumer. 

In  1894 '  tobacco  was  sprayed  with  Paris  green  and  London  purple 
solution.  It  is  estimated  that  individual  plants  sprayed  once  vrith 
Paris  green  received  1.0329  grains  of  arsenic,  those  sprayed  twice, 
2.00456  grains,  and  plants  sprayed  with  London  purple,  1.8957  grains. 
The  chemical  examination  of  the  sprayed  tobacco  showed  that  whether 
the  original  amount  of  arsenate  was  large  or  small  only  a  compara- 
tively small  portion  remained  on  the  plant  at  the  time  of  harvesting. 
The  largest  amount  of  arsenic  obtained  in  these  investigations  was 
0.329  grain  per  pound  of  tobacco,  or  only  about  4  per  cent  of  the 
arsenic  originally  applied.  The  plants  sprayed  but  once  retained 
about  1.8  per  cent  of  the  amount  left  by  spraying,  and  those  sprayed 
with  London  purple  about  3.2  per  cent. 

In  1895 '  the  inquiry  into  this  subject  was  continued  in  connection 
with  another  experiment.  Plants  were  sprayed  1  to  8  times,  from 
July  3  to  August  22,  with  a  solution  of  one-fourth  pound  of  Paris  green 
to  40  gallons  of  water,  and  the  amounts  of  arsenic  which  they  retained 
at  cutting  time  were  determined.  The  amount  of  Paris  green  applied 
varied  with  the  number  of  applications,  ranging  from  0.1  to  0.8739 
ounce  per  row.  Plants  sprayed  once  or  twice  showed  only  a  trace  of 
arsenic,  and  since  some  arsenic  was  found  in  tobacco  which  had  not 
been  sprayed  it  is  concluded  that  practically  all  the  arsenic  left  by 
spraying  was  gone  when  the  plants  were  cut  on  September  4.  A  num- 
ber of  plants  which  had  been  sprayed  only  once,  but  were  sprayed 
again  on  September  5  and  cut  as  soon  as  they  were  dry,  contained 
0.0139  per  cent  of  arsenic,  evidently  obtained  from  the  last  spraying. 
The  tobacco  which  was  sprayed  8  times  contained  0.(X)93  per  cent  of 

*  Connecticut  State  Station  Report  1892.         *  Kentucky  Station  Bui.  No.  53. 

» Ibid.  No.  63. 
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ftrsenious  oxid.  These  results  are  considered  as  showing  the  extent 
to  which  ai^senic  is  removed  when  the  plants  are  not  harvested  until 
«ome  time  has  elapsed  after  spraying.  It  is  further  pointed  out  that 
applications  of  Paris  green  shortly  before  harvesting  should  be 
avoided. 

''While  the  question  *  *  *  is  still  open  to  discussion  »  »  * 
it  may  be  confidently  asserted  that  the  amount  of  arsenic  contained  in 
the  small  fraction  of  a  pound  which  a  man  would  consume  in  a  day, 
€ven  if  taken  at  one  dose  instead  of  being  distributed  throughout 
twelve  hours,  would  produce  no  harmful  effect." 

INSECJTS  AFFECTING   TOBACCO. 

Most  of  the  concunon  insect  pests  which  are  troublesome  to  tobacco 
culture  have  been  studied  by  the  stations.  The  Kentucky  Station  has 
given  attention  to  the  prevention  of  depredations  by  the  tobacco  worm, 
the  bud  worm,  the  flea  beetle,  the  spined  tobacco  bug,  and  grasshop- 
pers. The  spined  tobacco  bug,^  which  causes  the  plants  to  wilt  sud- 
denly and  thus  checks  their  growth,  was  noticed  to  attack  tobacco 
plants  grown  next  to  a  pasture,  whence  the  bugs  are  believed  to  have 
come.  As  a  remedy,  removing  the  bugs  from  the  wilted  plants  is  sug- 
gested, and  as  a  preventive  measure,  not  to  allow  weeds,  especially 
thistles  and  mullein,  which  are  very  attractive  to  these  insects,  to  grow 
near  tobacco  fields  is  recommended. 

It  was  also  observed  that  when  corn  becomes  inedible  to  the  corn 
worm  this  insect  attacks  tobacco  grown  in  adjoining  fields.  To  obviate 
this  trouble  it  is  advised  not  to  grow  early  corn  near  tobacco. 

It  was  further  noticed  that  grasshoppers*  sometimes  do  damage  to 
tobacco  when  grass  or  other  close-growing  crops  upon  which  they  have 
fed  are  removed.  The  use  of  Paris  green  was  found  to  destroy  them, 
but  not  before  some  damage  had  been  done.  The  author  suggests  that 
all  unnecessary  growth  likely  to  harbor  these  pests  near  the  fields 
should  be  kept  down. 

Several  spe<:;imens  of  bud  worms  were  studied.*  They  left  the 
tobacco  plants  and  went  into  the  ground  August  10,  and  the  adult 
moths  came  out  about  two  weeks  later.  It  was  observed  that  the  speci- 
mens under  observation  gnawed  holes  in  the  young  leaves  at  the  center 
of  the  plant  before  they  were  unfolded.  A  thorough  application  of 
Paris  green  is  considered  a  suitable  remedy. 

For  the  flea  beetle,  dusting  with  pyrethrum  or  spraying  with  a  solu- 
tion of  this  powder  is  regarded  as  preferable  to  the  use  of  lime  water, 
which  deteriorates  the  quality  of  the  leaves  by  the  deposition  of  lime. 

For  the  prevention  of  damage  by  the  tobacco  worm,*  the  ordinary 
practice  of  putting  sirup  poisoned  with  cobalt,  arsenic,  or  strychnine 

^  Kentucky  Station  Bui.  No.  66.      ^  i^id.  No.  63.      '  Ibid.  No.  49.      *  Ibid.  No.  40. 
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into  the  blossoms  of  jimpson  weeds  to  poison  the  moths  is  worthy 
of  recommendation.  It  is  advised  that  the  late  brood  of  worms  which 
feeds  almost  exclusively  on  tomato  plants  be  destroyed  by  the  use  of 
poisons  or  kerosene  emulsion. 

Young  tobacco  worms  ^  were  observed  on  tobacco  plants  early  in 
July,  August,  and  September.  Of  these  different  broods  the  one 
appearing  in  early  August  is  regarded  as  the  most  injurious,  but  the 
brood  appearing  in  July  is  not  without  its  bad  effects.  The  station 
concludes  from  its  experience  that  the  best  remedial  measure  is  to 
spray  with  a  solution  of  1  pound  of  Paris  green  in  120  to  160  gallons 
of  water,  making  the  application  as  soon  as  the  young  worms  appear. 
The  author  states  that  spraying  more  than  three  times  is  unnecessary 
when  the  times  of  making  the  application  are  well  chosen. 

In  1896*  the  tobacco  worm  was  very  abundant,  and  further  observa- 
tions were  made  by  the  station  entomologist.  The  average  persistence 
after  treatment  of  the  young  worms  was  4.43  days  and  of  the  large 
worms  12.33  days.  The  average  duration  of  all  lots  of  worms  treated 
with  a  solution  of  1  pound  of  Paris  green  in  40  gallons  of  water  was 
four  daj^s,  and  when  a  mixture  of  1  pound  of  Paris  green  in  150  gallons 
of  water  was  used,  14.17  days.  The  weaker  solutions  were  found 
sufficiently  strong  for  the  destruction  of  the  young  worms,  but  in  des- 
troying the  large  worms  the  strong  solution  proved  the  most  effective. 

The  Maryland  Station '  found  that  a  poisoned  mash,  consisting  of  50 
pounds  of  wheat  bran,  2  quarts  of  molasses,  1  pound  of  paris  green 
and  water,  dropped  from  three  to  five  days  before  planting,  near  the 
places  where  the  plants  are  to  be  set,  prevented  the  cutworms  from 
injuring  tobacco  fields. 

In  testing  tobacco  seed  the  Florida  Station  found  that  apparent 
damping-off  of  the  seedlings  was  due  to  nematode  attacks.*  The  seed- 
lings were  grown  in  sand  which  had  been  kept  air  drj^  for  ten  months 
prior  to  sowing  the  seed.  The  injury  was  produced  b}-  the  worms 
from  the  outside  at  any  point  on  the  plant.  When  attacked  the  points 
of  irritation  became  enlarged,  the  development  of  the  seedling  was 
arrested,  and  the  final  result  was  the  destruction  of  the  young  plant 
To  prevent  the  trouble,  the  author  advised  growing  tobacco  seed  on 
uninf ested  soils,  and  states  that  old  land  is  apt  to  be  infested,  and  that 
this  may  be  ascertained  only  by  observation  of  the  trouble  in  pre- 
viously grown  crops. 

TOBACCO  AS  AN   INSECTICIDE. 

As  an  insecticide  tobacco  has  a  wide  application  and  its  use  for  this 
purpose,  it  is  safe  to  say,  has  been  tested  by  every  experiment  station 

^  Kentucky  Station  Bui.  No.  63.  « Maryland  Station  Bui.  No.  55. 

« Ibid.  No.  66.  *  Florida  Station  Bui.  No.  24. 
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in  the  coantry.  A  brief  sunimar}^  of  the  methods  of  application  and 
the  results  obtained  at  a  number  of  stations  are  here  given. 

Tobacco  decoction  was  used  with  effect  by  the  New  Jersey  Experi- 
ment Station  ^  a^inst  attacks  of  flea  beetles  on  potatoes,  plant  lice  on 
rose  bui»hes  and  chrysanthemums,  the  wheat  louse,  the  larvae  of  the  rose 
tortricid,  and  the  rose  slug,  but  its  effects  were  not  satisfactory  when 
used  for  the  larvse  of  the  elm  leaf-beetle,  hairy  caterpillar,  rose  chafer, 
and  striped  beetle.  Coarsely  ground  tobacco  dust  was  ineffective 
when  applied  on  dry  plants  but  had  some  effect  on  moist  plants. 
Finely  ground  tobacco  dust  was  much  more  effective.  The  addition  of 
carbolic  acid  to  tobacco  powders  increased  their  efliciency  fully  60  per 
cent  The  author  states  that  tobacco  dust  put  into  the  soil  waa  succesd- 
lully  used  in  1890  by  Dr.  E.  F.  Smith  as  a  remedy  for  the  peach  louse; 
either  tobacco  decoction  or  tobacco  dust  was  ineffectual  as  a  remedy 
for  the  rose  chafer.*  It  was  found  that  the  horn  fly '  succumbed  very 
readily  when  brought  into  contact  with  tobacco  powder. 

The  Ohio  Station  found  that  dusting  lettuce,  roses,  and  other  plants 
grown  in  greenhouses  with  tobacco  powder  destroyed  the  plant  lice  * 
with  which  they  were  infested. 

At  the  Michigan  Station  *  tobacco  decoction  was  successfully  used  to 
free  currants,  gooseberries,  and  apple  trees  from  plant  lice  and  cherry, 
plum,  and  pear  trees  from  slugs.  It  also  proved  effective  against 
striped  flea  beetles  and  cucumber  flea  beetles.* 

Experiments  conducted  at  the  Missouri  Experiment  Station  showed 
that  applications  of  tobacco  dust  were  effective  in  preventing  depre- 
dations by  the  woolly  aphis  of  the  apple  or  apple-root  plant  louse,' 

TOBACCO   SOILS. 

A  comparative  study  of  tobacco  soils  is  reported  by  the  Pennsyl- 
vania Station.  The  investigations  were  made  in  1894  on  Pennsylvania 
soils  from  Donegal  and  Lititz,  in  Lancaster  County,  and  Rocky  Spring, 
Franklin  County;  and  also  on  soils  from  the  best  wrapper-leaf  dis- 
tricts of  New  England  and  North  Carolina.  The  best  tobacco  soil 
from  Granville  County,  N.  C,  the  soil  of  the  "plains"  laud  at  East 
Hartford,  Conn.,  and  the  soil  from  Poquonock,  Conn.,  were  com- 
posed chiefly  of  medium  fine  and  very  fine  sand.  Tobacco  soil  from 
Granville  County,  N.  C,  and  the  soil  from  Podunk,  Conn.,  Hatfield, 
Mass.,  and  Rocky  Spring,  Pa.,  consisted  mainly  of  very  fine  sand  and 
silt,  the  Rocky  Spring  soil  being  very  largely  composed  of  silt  and  the 
others  of  fine  sand;  and  the  tobacco  soils  from  Donegal  and  Lititz 


*  Xew  Jersey  Station  Bui.  No.  75.       ♦  Ohio  Station  Bui.  No.  2,  vol.  4. 
'  Ibid.  No.  82.  *  Michigan  Station  Bui.  No.  1 1 8. 

'New  Jersey  Station  Rpt.,  1889.        « Michigan  Station  Bui.  No.  58  and  Kept.,  1890. 

'  >Ii880uri  Station  Bui.  No.  35. 
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were  composed  mainly  of  very  fine  silt  and  clay.  The  mean  soil  tem- 
perature during  the  growing  season  at  Rocky  Spring  was  76.1^,  and 
at  East  Hartford  and  Poquonock,  77.4^;  but  at  Rocky  Spring  the  dif- 
ference between  day  and  night  temperatures  was  smaller  than  at  the 
other  places. 

The  moisture  content  of  tobacco  soils  from  a  number  of  localities, 
including  those  already  mentioned,  was  determined  and  its  variation 
during  the  season  observed.  The  average  percentage  of  moisture 
determined  in  the  various  soils  was  as  follows:  Soils  from  South 
Deerfield  and  Hatfield,  Mass.,  19.5  to  22  per  cent;  from  East  Hart- 
ford, Conn.,  South  Gran  by,  N.  Y.,  and  Rocky  Spring  and  Donegal, 
l^a.,  14.5  to  17  per  cent;  from  Bloomfield  and  Windsor,  Conn.,  and 
Saxon  and  Cana,  N.  C,  9.5  to  11.5  per  cent;  and  soil  from  Poquonock, 
Conn.,  7.5  per  cent.  The  i^ange  of  variation  of  moisture  content  dur- 
ing the  season  in  Rocky  Spring  soil  was  11  per  cent;  in  soils  from 
Donegal,  South  Deerfield,  South  Granby,  Cana,  and  Bloomfield,  3.5 
to  5.5  per  cent;  in  Hatfield,  Mass.,  and  East  Hartford  and  Windsor, 
Conn.,  soils,  2  to  3  per  cent;  and  in  soils  from  Poquonock,  Conn.,  and 
Saxon,  N,  C,  0.5  to  1  per  cent.  It  is  concluded  that  the  Rocky  Spring 
soil  is  most  subject  to  the  influence  of  short  droughts.  The  water- 
holding  capacity  of  the  dry  subsoil  from  Donegal  was  52  per  cent,  and 
of  that  from  Rocky  Spring  45  per  cent.  The  soil  at  Donegal  was 
found  capable  of  absorbing  3.25  per  cent  of  moisture  from  the  atmos- 
phere, and  the  soil  at  Rocky  Spring  3.09  per  cent.  In  general  the 
soils  from  Lancaster  County,  Pa.,  were  found  to  be  heavier  and  some- 
what more  moist  than  the  best  wrapper-leaf  soils  of  other  districts, 
and,  so  far  as  examined,  warmer  and  more  equable  in  temperature. 
The  investigations  further  pointed  out  that  these  soils  mnk  well  in  fer- 
tilit}-  and  did  not  contain  injurious  constituents  in  excessive  proportion. 

Tobacco  was  grown  on  different  kinds  of  soils  by  the  Louisiana 
Experiment  Station.^  It  is  concluded  from  the  results  obtained  on 
old  worn  lands  and  pine  thickets  in  northern  Louisiana  that  such  soil 
is  well  adapted  to  the  culture  of  the  yellow  or  bright  leaf  varieties  of 
tobacco. 

In  1894  White  Burle}'^  tobacco  grown  on  the  red  heavier  sandy  soil 
of  northern  Louisiana  gave  as  good  or  even  better  results  than  when 
grown  on  the  lighter  soils,  and  Oronoco,  a  bright  variety,  cured  as 
brightly  when  grown  on  the  one  soil  as  when  grown  on  the  other. 
Cigar  leaf  varieties  also  grew  better  on  this  type  of  soil  than  on  the 
lighter  sand}'  soils.*  It  was  found  that  the  lighter  the  land  the  more 
readily  tobacco  cured  brightl3\ 

The  North  Carolina  Station  found  that  the  light  sandy  soil  of  Gran- 
ville County  of  that  State  produced  a  tobacco  with  a  large  percentage 

>  Ix)iiisiana  Stations  Bui.  20.  » Ibid.  33. 
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of  caroohydrates,  especially  starch  and  glucose.  The  soil  of  this 
region  contains  a  v^ery  small  percentage  of  available  mineral  matter 
and  seems  to  be  especialh'^  adapted  to  the  production  of  yellow  tobacco. 
Below  are  given  some  of  the  results  of  soil  analyses  made  by  differ- 
ent stations  in  connection  with  their  investigations  on  tobacco: 

RefuUs  of  tobacco  mil  analyses. 


Moisture 

Ot^anic  matter. . 
Insoluble  matter 
Pboepboric  acid  . 
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Nitrogen 
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Percent. 

2.78 

4.53 

72.71 

.21 

.41 

.02 

.70 

.85 


3.371 

4.29/ 

.71 


Percent. 
0.577 
2.982 

.'6i9' 

.019 
.090 
.076 
.036 

1.560 

.068 


Per  cent. 

0.312 

/1. 510 

95.642 

.016 

.161 

.246" 

.047 

.326 

1.038 

.109 


Florida,  d  1  Cuba,  e 
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.950 
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.053 
.018 
.028 
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.008 
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a  Colorado  Station  Bui.  No.  10. 
b  Virginia  Station  Bui.  No.  12. 
e  North  Caxolina  Station  Bui.  No.  90a. 


d  Florida  Station  Bui.  No.  19. 
e  Florida  Station  Bui.  No.  19. 
/  Reported  as  volatile  matter. 


The  Division  of  Soib  has  made  quite  an  extensive  study  of  the  prin- 
cipal tobacco  soils  of  the  United  States  and  has  issued  several  bulletins 
thereon/  It  will  be  unnecessary^  to  summarize  the  results  here  as  the 
publications  can  readily  be  obtained. 

CONCLUSIONS. 

Having  thus  reviewed  the  work  of  the  experiment  stations,  it  will 
be  well  to  outline  clearly  the  general  purpose  of  tobacco  investigations 
in  order  to  understand  fully  the  most  important  lines  to  be  developed. 

One  of  the  questions  most  frequently  asked  is  the  possibility  of 
extending  the  culture  of  tobacco  to  new  areas.  While  tobacco  is  con- 
fined as  at  present  to  comparatively  small  areas,  and  while  it  continues 
to  be  one  of  the  ''money  crops"  of  the  farm,  there  will  naturally  be  a 
widespread  desire  to  extend  the  cultivation  to  new  localities.  This  is 
one  of  the  most  difficult  things  to  advise  about,  as  so  little  is  known 
about  the  influence  of  climate  and  other  conditions  upon  the  quality  of 
the  leaf. 

The  tobacco  industry  is  so  highly  specialized  that  a  nondescript 
tobacco  is  no  longer  needed  and  brings  only  a  very  low  price.  The 
qualities  of  the  tobacco  leaf,  including  the  size,  shape,  and  thickness 
of  the  leaf,  the  flavor  and  aroma,  the  grain  and  general  sty^le,  are  so 
delic*ate,  so  easily  influenced,  and  as  yet  so  difficult  to  control  that  it 
is  impossible  to  say  beforehand  what  qualities  a  leaf  would  have  raised 

*Bul.  No.  5,  Texture  of  Some  Important  Soil  Formations.  Bui.  No.  11,  Tobacco 
Soila  of  the  United  States.    Farmers'  Bui.  No.  83,  Tobacco  Soils. 
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CHEMICAL  COMPOSITION   OF  THE   TOBACCO   PLANT. 

The  chemical  composition  of  the  tobacco  plant  has  been  studied  by 
the  stations  from  various  ppints  of  view,  The  different  parts  of  the 
plant  have  been  analyzed  to  determine  the  amount  of  plant  food  con- 
tained in  them.  Studies  have  been  made  to  ascertain  the  effect  of 
curing  and  fermenting  upon  the  composition  of  the  leaf  and  stalk;  and 
the  composition  of  the  refuse,  such  as  tobacco  dust  and  tobacco  steins, 
has  been  determined  to  show  its  value  as  a  fertilizing  material.  A 
number  of  analyses  of  tobacco  ash  are  also  reported.  The  most  impor- 
tant results  are  here  briefly  summarized. 

At  the  Colorado  Station,^  the  analyses  of  the  ash  of  a  number  of 
varieties  of  tobacco  showed  that  the  composition  of  the  samples  grown 
was  similar  to  the  average  composition  of  tobaccos  produced  in  Con- 
necticut and  elsewhere.  One  qualitative  test  for  acids  in  the  leaf  was 
made,  and  acetic,  pectic,  citric,  malic,  and  oxalic  acids  were  found. 
The  leaves  also  contained  considerable  quantities  of  resinous  and  fatty 
substances.  The  ash  of  Havana  tobacco  grown  on  poor  soil  was  found 
to  contain  more  than  twice  as  much  silica  but  considerably  less  lime, 
potash,  and  carbon  dioxid  than  the  same  variety  grown  on  rich  soil. 

A  study  of  the  occurrence  of  nitrates  in  tobacco  at  different  stages 
of  growth  made  at  the  North  Carolina  Station  *  pointed  out  that  the 
nitrates  are  confined  almost  entirel}'^  to  the  stalk  and  stem^s  in  the  young 
plants.  During  the  later  growth  of  the  plant  practically  no  nitrates 
were  found.  Samples  of  tobacco  stems  from  different  sources  were 
analyzed  by  the  station  and  compared.  Stems  of  cigar  tobacco  from 
Missouri,  Connecticut,  and  Ohio  and  stems  of  export  tobacco  from 
Virginia  contained  0.83,  0.72,  0.60,  and  0.54  per  cent  of  nitrates, 
respectively,  while  stems  of  cigarette  tobacco  from  North  Carolina  con- 
tained 0.15  per  cent.  No  nitrates  were  found  in  North  Carolina  stems 
of  chewing  tobacco  or  in  the  dust  from  the  North  Carolina  product. 
In  general  the  total  nitrogen  content  was  smaller  in  North  Carolina 
tobacco  stems  than  in  those  obtained  from  tobacco  grown  in  the 
other  States  mentioned.  Whole  leaf  of  North  Carolina  bright  tobacco 
cured  l)y  the  leaf -curing  process  contained  16.23  per  cent  of  potash, 
while  the  same  kind  of  tobacco  cured  by  the  stalk-curing  process  con- 
tained 21.81  per  cent.  Other  variations  in  the  composition  of  tobacco 
resulted  from  the  two  methods  of  curing,  but  it  is  believed  all  these 
differences  in  the  chemical  composition  are  due  mainly  to  the  manner 
and  time  of  harvesting,  and  that  in  general  the  composition  of  tobacco 
cured  by  similar  methods  is  not  materially  affected  by  separating  the 
leaf  from  the  stem  before  curing  if  the  condition  of  the  tobacco  is 
the  same  when  put  into  the  barn. 

*  Colorado  Station  Bui.  No.  10.  *  North  Carolina  Station  Bui.  No.  90a. 
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Analyses  of  parts  of  the  tobacco  plant  at  different  stages  of  growth 
were  made  at  the  Virginia  Station  in  1894.'  Nearly  one-half  of  the 
ash  of  young  plants  consisted  of  potash,  amounting  to  three  times  the 
content  of  lime.  The  percentage  of  ash  iti  the  leaf  at  four  different 
stages  was  about  the  same,  increasing  slightly  from  topping  until  cured. 
The  nitrogen  content  was  nearly  1  per  cent  higher  at  the  time  of  top- 
ping than  when  the  leaf  was  cured,  while  the  percentage  of  phosphoric 
acid  showed  very  little  change,  being  a  little  higher  when  the  plants 
were  topped  than  when  cured.  The  potash  was  highest  at  topping 
and  lowest  when  the  leaf  was  cured,  while  the  reverse  was  true  of  lime. 
Soda  was  found  to  be  a  little  lower  at  topping  than  at  any  other  time. 
The  percentage  of  magnesia,  sulphuric  acid,  and  chlorin  was  found 
slightly  increased  in  the  cured  state.  The  plants  taken  from  the 
plant  bed  contained,  in  an  air-dried  condition,  nearly  3  per  cent  of 
nitrogen,  nearly  1  per  cent  of  phosphoric  acid,  over  8  per  cent  of 
potash,  and  about  2.5  per  cent  of  lime.  Results  further  show  that  at 
the  time  of  topping  the  whole  plant  contained  about  3  per  cent  of 
nitrogen,  one-third  of  1  per  cent  of  phosphoric  acid,  about  4  per 
cent  of  potash,  and  over  2  per  cent  of  lime.  At  the  time  of  cutting 
it  contained  nearly  3  per  cent  of  nitrogen,  one-third  of  1  per  cent  of 
phosphoric  acid,  and  more  than  3i  per  cent  of  lime. 

A  series  of  analyses  of  different  grades  of  manufacturing  tobacco 
from  Virginia,  West  Virginia,  and  North  Carolina  were  made  by  the 
Virginia  Station  and  reported  about  the  same  time  as  the  work  de- 
scribed above.*  The  results  are  of  interest  in  showing  to  what  extent 
the  chemical  comjwsition  of  grades  of  manufacturing  tobacco  is  subject 
to  variations.  The  samples  analyzed  were  taken  from  the  crops  of 
1890  and  1891.  The  question  of  varieties  was  not  considered.  In  the 
sun-cured  tobacco  the  crop  of  1891  in  one  county  contained  about  one 
and  one-half  times  as  much  potash,  nearly  twice  as  much  sulphuric 
acid,  and  one-sixteenth  more  lime  than  that  of  1890.  High-grade 
bright  flue-cured  and  low-grade  bright  flue-cured  tobacco  grown  in  dif- 
ferent counties  in  different  years  were  found  to  contain  about  the  same 
amount  of  ash,  but  the  low-grade  tobacco  contained  about  twice  as 
much  nitrogen,  phosphoric  acid,  potash,  magnesia,  and  sulphuric  acid 
as  the  high  grade.  The  chlorin  content  of  the  grades  was  about  the 
same,  but  the  amount  of  soda  and  insoluble  matter  in  the  high  grade 
was  about  six  times  as  much  as  in  the  low  grade.  In  one  county  the 
potash  in  the  crop  of  1891  was  about  one  and  one-half  times  that  of 
1890,  the  magnesia  and  chlorin  nearly  twice  as  much,  and  the  insoluble 
matter  about  one-fifth  as  much.  The  analyses  of  manufacturing  to- 
bacco grown  in  Virginia  agreed  very  well  in  their  ash  content,  except 
in  one  county,  where  it  was  much  lower.     The  potash  did  not  agree 

*  Viiginia  Station  Bui.  No.  50.  *  Ibid.,  No.  51. 
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and  desirable  flavor  that  is  characteristic  of  the  better  grades  of  Cuban 
tobacco.  This  work  also  will  involve  radical  departures  from  the  pres- 
ent methods  of  cultivation  and  of  fermentation,  but  even  with  the  best 
that  can  be  done  in  this  line  it  is  probable  that  much  will  yet  remain  to 
be  done  by  the  plant  physiologist  in  the  improvement,  by  selection  and 
breeding,  of  the  aroma. 

So  far  as  present  experience  goes,  it  would  appear  that  the  investi- 
gations in  Connecticut  should  be  with  the  idea  of  producing  desirable 
wrapper  leaf;  in  Pennsylvania  and  Ohio  the  conditions  seem  to  be 
peculiarly  adapted  to  the  production  of  a  desirable  filler;  in  Florida, 
wrapper  leaf  alone  should  be  considered,  while  so  far  the  tobacco  dis- 
tricts of  Texas  have  given  evidence  that  the  conditions  are  best  adapted 
to  the  production  of  a  rich  filler  leaf. 

The  problems  connected  with  the  cigar  tobacco  industry  are  very 
marked  and  sharply  defined  in  the  preceding  paragraphs.  The  cigar 
tobaccos  of  this  country  do  not  come  up  to  the  present  requirements  of 
the  cigar  trade.  We  have  very  satisfactory  standards  in  the  Sumatra 
tobacco  for  the  cigar  wrappers  and  in  the  Cuban  tobacco  for  cigar 
fillers. 

In  the  matter  of  the  manufacturing  and  export  types,  the  lines  of 
investigation  are  not  so  clear  nor  so  well  defined.  The  cigarette 
tobacco  of  Virginia,  North  and  South  Carolina,  and  East  Tennessee 
are  admirably  adapted  to  their  purpose.  They  are  themselves  the 
standard  for  this  particular  class  of  leaf.  They  are  not  only  adapted 
to  domestic  use  for  cigarettes  and  plug  wrappers,  but  they  are  exported 
in  increasing  quantities  to  many  foreign  countries.  The  average  price 
of  the  bright  yellow  and  the  mahogany  leaves  are  lower  than  they  were 
a  few  years  ago.  The  fine,  bright  wrapper  leaf  sells  for  from  25  to  40 
cents  per  pound  and  the  mahogany  wrappers  for  25  cents  per  pound. 
Fancy  leaves  still  sell  for  from  60  cents  to  $1  per  pound.  A  specimen 
of  10  pounds  of  fancy,  bright  tobacco  was  recently  purchased  by  a 
gentleman  in  the  warehouse  at  Raleigh,  for  which  he  paid  $1  per 
pound,  the  tobacco  to  be  used  for  the  tobacco  exhibit  of  the  Paris 
Exposition.  This  tobacco  was  really  a  very  fine  specimen,  and  the 
price  paid  was  unquestionably  the  true  commercial  value  of  the  leaf. 
The  low  price  of  the  inferior  grades  is  due  to  the  fact  that  there  is  so 
much  really  inferior  bright  and  mahogany  tobacco  placed  upon  the 
market.  The  effort  on  the  part  of  the  experiment  stations  should  be 
to  investigate  the  cause  of  this  and  to  raise  the  standard  of  quality  of 
the  average  crop.  The  very  marked  improvement  in  the  manipulation 
and  production  of  this  cigarette  tobacco  in  recent  years  leaves  no 
reason  to  doubt  but  that  results  can  be  obtained  in  generally  improved 
methods  for  the  improvement  of  the  average  crop  of  bright  and 
mahogany  tobaccos  grown  in  this  country. 
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fiurley  leaf  and  the  various  export  tobaccos  seem  well  adapted  to  the 
purpose  for  which  they  are  now  used.  There  is  no  need  of  a  radical 
change,  as  in  the  case  of  the  cigar  tobaccos,  but  there  is  need  of  a  gen- 
eral improvement  of  the  average  crop.  In  the  Burley  tobacco,  for 
example,  the  lugs  and  two  grades  of  tobacco  inferior  to  this  form  a 
large  proportion  of  the  crop,  and  bring  low  prices.  The  object  should 
be  to  obtain  more  of  the  better  grades  of  leaf  from  the  stalk.  The 
same  thing  is  true  in  regard  to  the  export  tobaccos.  The  French  C  sells 
for  about  3  or  4  cents  per  pound.  This  appears  to  be  satisfactory  to  the 
French  Government  for  a  certain  class  of  consumers.  It  should  not 
be  satisfactory  to  our  farmers  to  produce  such  a  low  grade  of  leaf. 

The  Austrian  A  brings  from  15  to  16  cents  per  pound,  while  Great 
Britain  and  Australia  take  tobaccos  which  bring  from  20  to  80  cents 
per  pound. 

To  a  certain  extent  the  grading  is  done  by  the  growers — that  is,  if  the 
leaf  gives  promise  of  being  adapted  to  the  English  market  it  is  harvested 
green  or  underripe  and  is  heavily  smoked, 'as  these  are  requisites  of 
the  English  market  for  certain  classes  of  tobacco.  If  it  is  inclined 
to  be  light  and  trashy  it  is  gathered  overripe  for  the  French  trade. 
As  a  rule,  however,  the  tobacco  is  graded  by  the  packers  and  dealers, 
who  sort  it  out  in  strict  accordance  with  the  character  and  quality  of 
the  leaf.  If  they  assign  a  sample  to  the  French  C  it  is  because  it  is  of 
poor  quality  and  is  not  adapted  to  the  Australian  or  English  markets. 
As  a  general  rule  the  high-priced  tobaccos  are  manufactured  in  this 
country  for  domestic  use,  and  the  lower-priced  goods  are  sent  abroad. 
Still,  however,  more  and  more  of  our  high-priced  tobaccos  are  being 
sent  abroad. 

In  addition  to  these  broad  and  important  economic  lines  of  investi- 
gation, there  are  many  problems  connected  with  the  chemical  compo- 
sition of  the  leaf,  the  chemical  substances  produced  in  the  leaf,  the 
relation  of  nicotine  to  the  flavor  and  aroma,  the  changes  in  the  curing 
and  fermentation,  the  influence  of  soil,  of  seed,  of  climatic  conditions, 
of  cultivation  and  of  handling,  which  are  of  great  importance  as  aids 
in  changing  the  style  or  character  of  the  leaf  to  conform  to  the 
market  demands. 

The  chief  features  of  the  cigar  wrapper  are  the  style  of  the  leaf,  the 
size,  uniformity  of  color,  and  the  absence  of  any  pronounced  flavor  or 
aroma.  The  chief  features  of  a  filler  leaf  for  cigars  are  flavor  and 
aroma.  In  the  fine,  bright  and  mahogany  tobaccos  it  is  mainly  the  color 
which  determines  the  price.  In  the  manufacturing  and  export  types 
the  quality,  size,  and  shape  of  the  leaf  and  color  determine  the  market 
and  the  use  to  which  they  are  suited. 

These  are  broad  economic  lines  suggested  for  investigations,  which 
it  is  very  desirable  that  some  of  the  stations  should  take  up.     The 
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question  of  the  proper  method  of  preparing  the  seed  bed,  the  question 
of  the  effect  of  fertilizers,  the  burn,  etc.,  should  all  be  subordinated 
to  the  one  great  problem  of  presenting  the  leaf  required  by  the  cigar 
manufacturers.  These  questions  will  naturally  be  considered  in  Trork- 
ing  out  the  broad  problems,  but  they  should  not  be  given  the  first  place 
and  be  considered  complete  in  themselves. 
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C.  S.  DePABTMBIVT  of  AOBICULTUBBy 

Officb  of  thb  Bbgbxtasy, 

Washingtanj  D.  C,  FOmary  1^  1900. 

Mr.  PBBSSrDSNT :  I  have  tbe  honor  to  transmit  a  report  of  this  Depart- 

m^it  upon  the  field  operations  of  the  Division  of  Soils  daring  the  year 

1899.     It  covers  not  only  the  most  important  work  of  this  division,  bnt, 

is,  in^my  opinion,  regarded  in  the  light  of  the  possible  results  of  the  infor- 

matdon  wliich  has  been  secured  thereby^  the  most  important  work  of  this 

eharacter  ever  undertaken  in  any  country.    It  oonsistsof  an  introduction 

by  Prof.  iSf  ilton  Whitney,  the  chief  of  the  division,  and  special  reports 

on  the  various  lines  of  field  work  by  the  scientific  assistants  of  that 

division,  in  cooperation  in  some  instances  with  educational  institutions 

in  various  parts  of  the  country.    The  rei)ort  covers,  all  together,  a  soil 

survey  of  an  area  of  not  less  than  720,000  acres,  scattered  throughout 

the  following  regions:  New  Mexico,  Utah,  Colorado,  and  Gonnecticut. 

These  accounts  of  soil  surveys  are  followed  by  some  valuable  discussions 

on  <'the  application  of  the  theory  of  solutions  to  the  study  of  soils,'' 

^sontie   necessary  modifications  in  method  of  mechanical  analysis  as 

applied  to  alkali  soils,"  and  ^^  salts  as  influencing  the  rate  of  evaporation 

from  soils.'' 

It  need  hardly  be  said  that  it  was  found  quite  impossible  to  restrict 
thiB  report  within  the  limits  of  a  hundred  octavo  pages,  and  conse. 
qaemtly,  under  the  operations  of  section  89,  chapter  23,  Volume  XXVIII, 
of  the  Statutes  at  Large,  1895,  the  Secretary  of  Agriculture  has  no 
authority  to  secure  the  printing  of  more  than  1,000  copies,  a  number 
which  would  be  entirely  inadequate  to  supply  our  exchanges,  our  i^gri- 
coltaral  colleges  and  experiment  stations,  and  the  divisional  list  of  the 
Division  of  Soils,  to  say  nothing  of  any  miscellaneous  demand.  In  this 
ease,  moreover,  the  Department,  in  my  opinion,  is  bound  to  supply  copies 
of  the  report  to  the  very  large  number  of  persons  who  have  rendered 
efficient  aid  to  our  surveyors  in  their  field  work. 

Under  these  circumstances  and  in  view  of  the  great  importance  of  the 
sabject  covered,  1  have  the  honor  to  recommend  that  it  be  transmitted 
to  Congress,  together  with  the  maps,  illustrations,  and  diagrams  accom- 
panying, to  be  printed  by  order  of  that  body,  and  I  furtlier  recommend 
that  not  less  than  10,000  copies  be  printed  for  the  use  of  this  Depart- 
ment, in  addition  to  such  number  as  Congress  may  order  for  the  use  of 
its  members. 

I  have  the  honor  to  remain,  Mr.  President,  very  resi)ectfiilly, 

Jambs  Wilson, 
Secretary. 
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TT.  S.  Dbpabtment  op  Agbioultttbe, 

Division  op  Soils, 
Wanhingiony  D.  0.,  January  29 j  1900. 

Stb  :  I  have  the  honor  to  present  herewith  a  report  on  the  field  opera- 
tioos  of  the  Division  of  Soils  for  1899.  This  is,  withpnt  doabt,  the  most 
important  work  that  has  been  undertaken  by  the  division  since  its 
organization.  The  rei>ort  is  illustrated  by  a  number  of  photographs  and 
diagrams  show  ing  the  character  of  the  country  and  the  specific  characterr 
istics  of  the  soil,  and  by  accompanying  maps  showing  the  distribution 
of  the  soils,  alkali,  and  seepage  waters.  That  portion  of  the  report  pre- 
pared by  X>r.  Cameron  relates  to  work  undertaken  in  cooperation  with 
the  Oivision  of  Chemistry,  and  has  been  read  and  approved  by  Dr. 
Wiley.  The  soil  work  is  of  great  interest  and  is  very  widespread  in  its 
application.  A  small  edition  would  be  entirely  inadequate  to  supply 
the  exchange  list  of  the  Department  and  the  ordinary  mailing  list  of 
this  division,  besides  the  very  large  number  of  persons  who,  having 
aided  and  cooperated  with  the  division  in  its  work,  are  entitled  to  a 
copy  when  published.  I  therefore  have  the  honor  to  recommend  that 
not  less  than  10,000  copies  of  this  report  be  printed  for  the  use  of  this 
I>epartmeDt. 

BespectfuUy, 

Milton  Whitney. 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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FIELD  OPERATIONS  OF  THE  DIVISION  OF  SOILS  IN  1899, 


By  MILTON  WHITNEY,  Chief  of  Division. 


PBOGBESS  AND  COST  OF  THE  SOIL.  SXJBVEY. 

During  the  season  of  1899  three  well-organized  parties  were  in  the 
field  for  from  six  to  eight  months  each,  eqnipped  according  to  the  most 
modem  methods  for  surveying,  investigation,  and  mapping  the  soils  of 
several  important  agricultural  districts.  Eleven  hundred  and  twenty- 
five  square  miles,  or  about  720,000  acres,  have  been  surveyed  and 
Diapped  on  a  scale  of  1  inch  to  the  mile.  The  following  table  shows  the 
areas  which  have  been  surveyed,  the  rate  per  day,  and  the  actual  cost 
of  the  field  work  per  square  mile: 


R»teper^iJK' 


Oeeil  Coanty,  Md 

ConDecUciit  Valiey. , 

Salt  Lake  Valley,  Utah .... 
Pecoa  Valley,  New  Mexico 

ToUd 


day. 


Square 
miles. 

5 

4.5 

2 

1.1 


aqaare 
mile. 


11.70 

2.00 

a6.00 

12.00 


a  The  actoal  cost  of  the  work  to  the  Division  of  Soils  was  $4  per  square  mile,  the  Utah  Experiment 
Station  cooperating  and  paying  tlio  equivalent  of  $2  per  square  mile. 

The  difference  in  the  cost  of  the  work  is  due  to  the  more  complex 
problems  presented  in  the  arid  regions  of  the  West,  as  will  be  explained, 
as  well  as  to  the  greater  distance  from  Washington  and  the  consequent 
greater  cost  of  transportation.    The  cost  per  square  mile  given  in  the 
table  includes  the  salaries  of  the  men  while  actually  in  the  field, 
together  with  their  transportation  and  subsistence  expenses.    Taking 
into  account  the  annual  salaries  of  the  men  assigned  to  the  soil  survey, 
together  with  all  expenses  directly  chargeable  to  the  work  in  the  field, 
the  amount  expended  during  the  calendar  year  1899  for  such  work 
amounted  to  27.8  per  cent  of  the  total  appropriation  for  the  Division 
of  Boils.    The  laboratories,  contributing  largely  to  the  efficiency  and 
soppoit  of  the  soil  surveys,  consumed  22.5  per  cent  of  the  total  appro- 
priation;  the  administrative  expenses — including  rent  of  building, 
express,  gas,  and  the  fitting  up  of  an  additional  laboratory  room — 
amounted  to  40.5  per  cent  of  the  total  appropriation. 
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•      •  ^         •     •  •  • 

'  -Fof -fldiium»fcpatiVe -parposes  in  the  Division  of  Soils  the  United 
States  has  been  divided  into  the  eastern  and  western  districts,  with 
the  Mississippi  Biver  as  the  dividing  line.  Mr.  G.  W.  Dorsey  has  gen- 
eral charge  of  the  soil  survey  of  the  eastern  district,  and  Mr.  Thos.  H. 
Means  of  the  western  district.  In  the  western  district  the  work  has 
so  far  been  confined  to  irrigation  districts,  and  has  indnded,  besides 
the  mapping  of  the  soils,  the  investigation  and  mapping  of  the  aikali 
conditions  and  of  the  depth  to  standing  water.  Sach  maps,  showing 
the  exact  distribution  and  condition  of  the  soil,  serve  as  a  basis  for 
the  improvement  or  reclamation  of  alkali  lands  by  anderdrainage  or 
by  other  means  for  removing  the  excessive  accamnlation  of  alkali  and 
seepage  waters.  They  also  show  the  scarce  of  possible  future  damage, 
and  by  their  aid  suitable  preventive  measures  can  be  taken  to  provide 
against  such  losses  as  have  occurred  in  the  past. 

In  localities  where  sodium  carbonate  or  black  alkali  prevails  a  sep- 
arate map  is  made,  showing  the  distribution  and  relative  intensity  of 
this  substance. 

The  areas  which  have  been  surveyed  this  year  are  not  at  all  simple 
in  their  conditions,  and  represent  perhaps  as  great  a  variety  of  soils 
and  soil  conditions  as  will  ever  be  encountered  in  a  season's  work.  As 
a  rule,  the  soils  of  the  West  are  more  uniform  over  small  areas  than  they 
are  in  the  Atlantic  Coast  States,  but  on  account  of  the  greater  number 
of  conditions  to  be  taken  under  consideration  and  investigated,  in  the 
surveying  and  mapping,  and  the  necessarily  more  complex  field  methods, 
the  work  is  much  slower. 

The  expense  of  the  work  in  Cecil  County,  Md.,  and  in  the  Connecti- 
cut Valley  averages  less  than  $2  per  square  mile,  including  the  salaries 
of  the  men  while  in  the  field  and  the  transportation  and  subsistence 
expenses.  This  is  considered  very  satisfactory.  The  parties  consisted 
in  each  case  of  two  men  working  together,  each  party  having  a  horse 
and  wagon. 

The  relatively  small  area  per  day  covered  in  the  Pecos  Valley,  I^ew 
Mexico,  and  the  apparently  excessive  cost  ($12  per  square  mile)  is 
accounted  for  by  the  newness  of  the  work,  the  fact  that  two  experieuced 
men  were  assigned  to  this  work — ^for  their  mutual  training  and  for  the 
final  perfecting  of  the  methods — and  to  the  further  fact  that  consider- 
able detail  work  was  done  in  the  study  of  the  conditions  and  methods  to 
be  used  under  such  conditions — necessary  work  which  will  not  have  to 
be  done  again. 

.  The  expenses  of  the  work  in  Salt  Lake  Valley,  Utah  ($6  per  sqaare 
mile),  are  considered  fairly  satisfactory,  although  it  will  doubtless  be 
possible  to  materially  increase  the  rate  per  day,  and  thus  lessen  the  cost 
per  square  mile  as  the  men  become  better  acquainted  with  the  methods 
of  sarveyiug  and  with  the  causes  and  conditions  of  the  alkali  soils. 
With  the  experience  of  this  season  such  an  area  as  this  could  probably 
be  surveyed  now  at  a  cost  of  about  $4  per  square  mile. 
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It  mast  be  remembered  that  the  estimation  of  the  cost  of  such  work 
in  new  localities  is  a  mere  approximation,  as  the  expense  depends  largely 
apon  the  complexity  of  the  conditions  in  the  locality  to  be  surveyed. 
In  each  of  these  districts  in  the  West  the  field  parties  consisted  of  two 
men,  with  a  horse  and  wagon  for  carrying  the  field  eqaipment,  without 
a  camping  outfit,  as  the  work  done  was  in  rather  closely  settled  districts. 

It  has  been  the  intention  to  have  an  experienced  man  in  charge  of 
each  field  party,  with  a  stndent  assistant  or  an  intelligent  laborer  to 
assist  in  the  work.  So  far  as  possible  advantage  is  taken  of  these  oppor- 
tonities  to  train  men  for  the  more  responsible  positions  devolving  upon 
directors  of  field  parties.  Such  edncational  work  is  a  very  essential 
and  important  part  of  the  work  of  the  division,  as  it  is  impossible  to 
obtain  men  already  trained  and  fitted  for  this  field  work. 

GOOFBRATION  WITH  STATE  OBOANIZATIONS. 

Wherever  possible  it  has  been  the  policy  of  the  division  to  work  in 
dose  ooojieration  with  the  State  experiment  stations,  the  State  geo- 
logical surveys,  boards  of  agriculture,  or  other  local  institutions.  This 
cooperation,  so  far  as  it  has  been  carried,  has  proved  mutually  satis- 
&ctory  and  beneficial  to  the  local  institutions  and  to  this  division. 
In  a  general  way  it  relieves  the  local  institutions  of  all  responsibility 
of  the  direction  of  the  work  and  the  preparation  of  the  material,  while 
the  expense  to  them  is  very  much  less  in  every  case  than  if  they  had  to 
employ  competent  soil  experts,  even  if  such  exi)erts  could  be  obtained, 
which  is  questionable.  On  the  other  hand,  this  cooperation  enables  the 
IMvision  of  Soils  to  very  materially  widen  its  sphere  of  field  work,  and 
gives  the  division  a  desirable  connection  with  local  institutions,  in 
toQch  with  the  people  actually  interested  in  the  work. 

Owing  to  the  difference  in  the  character  of  the  work  in  the  Eastern 
and  Western  districts  the  basis  of  the  cooperation  with  State  institu- 
tions has  been  essentially  different.  The  arrangements  under  which 
the  work  has  been  done  during  the  present  season  may  be  briefly 
stated. 

The  soil  survey  of  the  Connecticut  Valley  was  carried  on  by  the 
Division  of  Soils,  independently  of  any  other  organization,  under  the 
aathority  of  Congress  to  investigate  and  map  the  tobacco  soils  of  the 
United  States.  This  work  was  in  charge  of  Mr.  C.  W.  Dorsey,  with 
Mr.  J.  A.  Bonsteel,  of  the  Johns  Hopkins  University,  as  temporary 
Msistant.  A  detailed  soil  map,  with  accompanying  text  describing 
the  different  soils,  is  given  in  the  latter  part  of  this  bulletin. 

Under  authority  from  the  Secretary  of  Agriculture  an  agreement 
was  entered  into  with  the  Maryland  geological  survey.  Dr.  William 
B.  Clark,  director,  to  survey  and  map  the  soils  of  Maryland  at  the  rate 
of  one  county  each  season,  which  is  the  present  rate  at  which  the 
topographic  base  maps  and  the  geological  data  are  being  prepared. 
Under  the  terms  of  this  agreement  the  Division  of  Soils  assumes  the 
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entire  responsibility  for  the  details  of  the  soil  survey,  together  \\  ith 
the  preparation  of  the  manuscript  map,  with  a  brief  description  of  the 
soils.  This  material  is  turned  over  to  the  State  survey,  the  Department 
reserving  the  prior  right  of  publication,  to  be  published  with  such 
additional  data  an  they  may  wish  to  include  in  their  linal  report.  The 
publication  of  the  map  by  the  Division  of  Soils,  with  brief  notes  as  to 
the  soil  classification,  is  not  expected  to  conflict  in  any  way  with  the 
more  elaborate  State  publication  for  local  distribution.  Under  the 
terms  of  the  agreement  the  Maryland  Geological  Survey  pays  the  trav- 
eling and  subsistence  expenses  of  the  field  part3%  This  amounted  in 
the  present  case  to  about  $400,  or  approximately  $1  per  sc^uare  mile. 
The  area  selected  by  the  director  of  the  State  survey  was  Cecil  County. 
While  the  soil  survey  has  been  completed  and  the  manuscript  map  pre- 
pared, the  publication  will  be  delayed  a  year,  awaiting  the  engraving 
and  publication  of  the  topographic  base  sheet,  which  has  just  been  com- 
pleted in  manuscript. 

The  soil  survey  of  the  Pecos  Valley,  New  Mexico,  was  carried  on  by 
Thomas  H.  Means  and  Frank  D.  Gardner,  of  this  division.  The  entire 
expense  was  paid  by  the  Division  of  Soils,  and  there  was  no  oflScial 
cooperation  with  any  other  organization.  The  New  Mexico  Experi- 
ment Station,  however,  authorized  Prof.  J.  D.  Tinsley  to  accompany 
the  field  party  for  the  purpose  of  studying  our  methods.  Professor 
Tinsley  spent  about  a  month  helping  with  the  work  in  the  district 
around  Boswell. 

The  work  in  Utah  was  done  in  cooperation  with  the  Utah  Experiment 
Station,  Prof.  Luther  Foster,  director.  The  terms  of  the  cooperation 
were  that  the  Division  of  Soils  would  send  an  expert  to  take  charge  of 
a  field  party,  pay  his  salary,  traveling  and  subsistence  expenses,  and 
be  responsible  for  the  preparation  of  maps  and  reports  which  would 
treat  fully  of  the  conditions  of  the  area.  The  Utah  Experiment  Station 
would  furnish  an  assistant  and  pay  his  salary  and  traveling  and  sub- 
sistence expenses  while  in  the  field.  The  expense  to  the  experiment 
station  amounted  to  about  $2  per  square  mile. 

In  this  alkali  work,  unlike  the  soil  work  in  the  eastern  district^  the 
reports  have  to  treat  very  fully  of  all  the  conditions,  and  the  same 
report  will  therefore  serve  for  and  be  credited  to  the  Division  of  Soils 
and  to  the  Utah  Experiment  Station. 

The  director  of  the  Utah  Experiment  Station  designated  Mr.  John 
Stewart  as  an  assistant  in  the  Utah  work,  Mr.  Frank  D.  Gardner  hav- 
ing direct  charge  of  the  field  party.  The  results  of  the  field  work  are 
briefly  referred  to  in  this  paper  and  are  set  forth  in  detail  in  the  accom- 
panying papers  and  maps. 

In  the  progress  of  the  field  work  this  j'ear,  and  particularly  in  the 
review  of  the  work  in  the  preparation  of  the  reports  and  maps,  many 
valnablc  modifications  have  been  suggested  in  our  methods  which  it 
is  believed  will  greatly  simplify  the  work  and  increase  the  efficieaQf 
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>f  the  field  parties.  One  featare  which  has  been  brought  out  clearly 
J8  the  Aict  that  the  field  methods  are  now  practically  independent  of 
Ae  laboratory  methods.  The  soils  and  alkali  salts  are  classified  and 
napped  in  the  field.  The  maps  themselves  are  actually  prepared  in  the 
leld  in  such  form  that  they  can  be  turned  over  to  the  lithographer  after 
mitable  titles  and  legends  are  prepared.  This  refers  to  the  soil,  the 
ilkali,  the  black  alkali,  and  the  underground  water  maps.  Much  of  the 
laborious  work  of  calculating  the  actual  salt  content  has  been  saved, 
IS  limiting  values  only  are  shown  upon  the  map,  and  it  is  hardly  con- 
lidered  advisable  to  publish  the  figures  of  actual  salt  determinations 
in  tables  which  few,  if  any,  would  read. 

The  laboratory  work  connected  with  the  survey  has  likewise  been 
reduced  to  a  minimum.  The  chemical  and  physical  laboratories  are 
used  now  simply  to  explain  the  character  of  the  soils  which  have  formed 
lihe  basis  of  the  classification.  For  example,  the  physical  differences 
between  the  Hartford  sandy  loam  and  the  Oonnecticut  meadows  are 
dearly  brought  oat  in  the  mechanical  analyses.  On  the  other  hand, 
Ihe  differences  between  the  Pecos  gypsum  soil  and  the  Pecos  sandy 
loam  are  apparent  not  only  from  the  mechanical  analysis,  but  also 
through  the  chemical  analysis.  These  conditions,  however,  are  so 
marked  in  each  case  and  so  apparent  that  the  soil  areas  can  be  accu- 
mtely  mapped,  even  without  the  results  of  the  physical  and  chemical 
examinations.  This  matter  of  the  field  methods  will  be  referred  to 
more  at  length  on  a  subsequent  page. 

The  alkali  and  underground  water  maps  show  the  conditions  at  the 
time  of  the  survey.  At  difierent  seasons  of  the  year  and  especially 
UDder  different  weather  conditions  the  soil  conditions  may  be  somewhat 
difiierent;  but  as  the  examinations  are  usually  made  during  the  grow- 
ing season  the  conditions  shown  may  be  taken  to  represent  fairly  well 
the  actual  conditions  of  growth. 
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Beports  have  come  in  to  this  Department  from  time  to  time  for  several 
years  from  the  Pecos  Yalley  of  root-rot  disease  affecting  fruit  trees, 
grapevines,  sugar  beets,  and  alfalfa — the  trees  and  vines  much  more 
aerioasly  than  the  other  crops.  Truck  crops  seem  to  have  largely  failed 
in  the  valley,  while  the  yield  from  alfalfa,  which  seems  to  be  the  crop 
best  adapted  to  the  conditions  there,  is  only  about  5  tons  to  the  acre 
in  4  cuttings.    In  Montana  it  is  from  6  to  7  tons  in  3  cuttings. 

Iq  view  of  these  serious  reports,  the  importance  of  the  locality,  and 
tiie  expressed  willingness  of  the  people  to  benefit  by  the  results  of  the 
[investigations,  it  was  decided  to  send  an  expedition  to  investigate  and 
i>Uip  the  soils  and  soil  conditions  of  a  portion  of  the  valley.  Accord- 
ingly, Thomas  H.  Means  and  Frank  D.  Gardner,  of  this  division,  were 
9eQt  oat  and  spent  two  months  at  Oarlsbad  and  one  month  at  Eoswell. 
1  l)er8onally  inspected  the  work  during  the  progress  of  the  investiga- 
tions. The  detailed  account  of  this  work  is  given  in  an  accompanying 
H.  Doc  399 2 
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paper,  and  is  illustrated  by  a  series  of  maps,  diagrams,  and  pbolij 
graphs. 

It  was  found  in  the  Carlsbad  area  that  fruit,  truck,  and  grapes  wen 
almost  entire  failures;  that  the  sugar  beets  and  alfalfa  gave  relativ«H 
small  yields  and  were  affected  with  root-rot  over  certain  areas.  Tben 
are  many  abandoned  farms  and  large  areas  over  which  the  condititM 
generally  are  not  satisfactory.  I 

One  reason  that  fruit  has  not  been  successful  is  the  liabflity  of  liMj 
occurrence  of  late  spring  frosts  which  destroy  the  buds  after  thc|^ 
have  started.  The  root-rot  disease,  which  has  been  so  destructive  id 
the  valley,  is  unquestionably  largely  due  to  the  condition  of  the  irriga^ 
tion  water  during  part  of  the  year  and  over  some  sectionsof  the  valley. 
The  salt  content  of  the  water  is  so  high  that  it  is  near  the  limit << 
endurance  for  crops.  The  occurrence  of  gypsum  soils  and  of  seepafi 
waters  also  accounts  for  much  of  the  trouble.  These  matters  will  bs 
briefly  summarized  here. 

In  regard  to  the  natural  conditions  which  have  had  to  be  contended 
with,  it  may  be  well  to  state  that  the  settlers  were  not  well  prepared  1» 
meet  these  new  and  untried  conditions.  In  settling  the  valley  the  land 
company  attracted  a  large  number  of  settlers  from  abroad  as  wdl  as 
from  various  parts  of  this  country.  Many  of  the  persons  locating  in 
the  valley  were  entirely  unacquainted  with  the  exact  conditions  pre- 
vailing in  the  Pecos  Valley,  and,  indeed,  unacquainted  with  tlie 
methods  of  irrigation  in  general.  The  settlers  paid  the  company  80 
much  an  acre  for  the  use  of  the  water  and  unfortunately  felt  that  the 
more  they  used  the  more  of  value  they  were  getting  from  the  company. 
From  these  various  reasons  there  was  undoubtedly  some  bad  manage- 
ment which  resulted  occasionally  not  only  in  the  financial  ruin  of  the 
owner,  but  seriously  damaged  by  seepage  waters  his  own  or  his  neigli- 
bor's  land  as  a  result  of  over-irrigation. 

At  the  present  time  much  of  the  ownership  of  the  land  is  vested  in 
the  water  company  and  rented  to  irresponsible  Mexican  settlers  who 
move  from  place  to  place  and  have  not  much  interest  in  using  the  nec- 
essary means  for  preventing  damage  to  the  land,  and  who  are  quite 
willing  to  move  if  crop  failures  result  from  their  own  mismanagemait 
or  from  any  other  cause.  This  social  conditi6n  must  be  taken  into 
account  in  any  plan  for  the  improvement  and  reclamation  of  the  lands. 
A  Mexican  settler  is  not  likely  to  invest  money  in  underdrainage  or  in 
any  other  method  of  preserving  or  reclaiming  the  land  and,  owing  to 
the  uncertain  tenure  of  these  tenants,  the  company  naturally  hesitates 
before  putting  in  any  expensive  improvement  of  this  kind.  The  con- 
ditions, therefore,  are  not  as  satisfactory  as  might  be  wished  for  tbe 
most  efficient  work  in  the  reclamation  and  general  improvement  of  tJie 
lands. 

Next  to  the  ownership  of  the  land  and  the  labor  questions,  the  roost 
important  cause  of  the  trouble  in  the  larger  portion  of  the  Pecos  Vallqr 
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s  ihe  high  salt  content  of  the  irrigation  water,  especially  iu  certain 
easoDS. 

At  Roswell  the  principal  water  sapply  contains  about  76  parts  of  sol- 
tble  matter  in  100,000  parts  of  water.  At  Hagerman  this  is  increased 
0  about  200  parts;  at  Carlsbad  to  240  parts;  at  Florence  to  280  parts; 
led  Bluff,  316  parts;  at  Pecos  City,  Tex.,  to  400  parts;  and  below 
?eco8  City  to  over  500  parts.  Five  hundred  parts  of  soluble  matter 
B  100,000  parts  of  water,  when  added  to  the  soils  of  the  Pecos  Valley, 
nay  be  taken  as  the  extreme  limit  of  endurance  for  plants,  while 
!&0  or  300  parts  mark  the  danger  point  at  which  the  results  of  the  use 
if  the  water  are  very  uncertain. 

It  should  be  stated  that  only  about  50  per  cent  of  the  solid  matter 
ontained  iu  the  Pecos  waters  is  harmful,  and  the  above  figures  should 
le  divided  by  two  to  obtain  the  real  concentration  so  far  as  really  harm- 
U  salts  are  concerned.  The  inert  soluble  matter  consists  of  gypsum 
Kid  carbonate  of  lime  held  in  solution  through  the  influence  of  other 
Bore  soluble  salts.  These  substances  crystallize  out  on  the  evapora- 
ion  of  the  water  and  are  not  readily  dissolved  thereafter.  These  are, 
iherefore,  not  liable  to  accumulate  in  the  soil  in  a  soluble  form,  and  for 
ihis  reason  due  allowance  should  be  made  for  the  proportion  they  make 
)f  the  total  amount  of  soluble  matter  in  the  water. 

The  limit  of  endurance  for  most  cultivated  plants  iu  a  water  solution 
»  about  1  per  cent  or  1,000  parts  of  the  readily  soluble  salts  in  100,000 
parts  of  water,  but  it  must  be  remembered  that  in  field  culture  the 
rater  is  applied  to  soils  already  containing  more  or  less  of  these  salts, 
md  also  that  evaporation  and  consequent  concentration  immediately 
)et  iD  after  the  application  of  water.  It  was  found  at  Carlsbad  that 
ibout  300  parts  of  soluble  matter  x)er  100,000  parts  of  water  marked  the 
extreme  limit  of  safety  of  the  use  of  water  at  that  place. 

In  the  use  of  water  for  irrigation  purposes  so  close  to  the  limit  of 
^lant  endurance,  as  occasionally  occurs  at  Carlsbad,  there  are  certain 
(precautions  which  can  and  should  be  taken  to  insure  the  safety  of  the 
srops  and  the  permanence  of  the  fertility  of  the  soil. 

In  the  arid  climate  of  New  Mexico  where  evaporation  is  so  excessive 
&e  actual  amount  of  evaporation  becomes  an  important  factor  in  deter- 
niuing  the  condition  of  the  water.  It  is  stated  that  the  evaporation  at 
Carlsbad  amounts  to  about  10  feet  in  depth  in  the  course  of  a  year. 
Evidently,  therefore,  the  deeper  the  reservoir  iu  proportion  to  its  area 
the  more  economical  it  is  as  regards  the  condition  of  the  water.  The 
Barae  bulk  of  water  in  a  reservoir  20  feet  deep  with  perpendicular  sides 
«^ould  lose  just  half  as  much  by  evaporation  as  if  the  reservoir  were  10 
feet  deep  and  the  surface  area  twice  as  great.  There  are,  of  course, 
engineering  conditions  which  have  to  be  considered  in  the  construction 
of  such  reservoirs. 

As  the  absolute  evaporation  from  an  equal  area  of  water  surface  is 
jnat  about  the  same  where  the  reservoir  is  full  or  nearly  empty,  the 


20  FIELD    OPERATIONS   OF   THE    DIVISION   OF    SOILS. 

water  in  a  partially  filled  reservoir  becomes  more  concentrated  as  i 
resalt  of  this  evaporation  than  where  the  reservoir  is  fall.  So  for  w{ 
the  condition  of  the  water  is  concerned,  therefore,  it  is  advisable  U 
keep  the  storage  reservoir  well  filled.  In  cleaning  or  repairing  thi 
reservoir  the  water  is  occasionally  drawn  off  in  the  fall  or  winter  at  tiM 
beginning  of  the  dry  season  when  work  is  slack  and  the  dangler  d 
floods  is  at  a  minimam.  If,  however,  the  water  has  to  stand  for  a  loof 
time  in  this  low  stage  the  evaporation  has  much  more  effect  npon  tin 
concentration  than  if  the  snrface  had  not  been  lowered.  If  the  asnal 
rains  are  delayed  and  this  water  has  to  be  used  to  start  the  crop,  H 
may  be  so  concentrated  as  to  be  unfit  or  unsafe  for  use.  This  is  i 
matter  which  requires  the  careful  consideration  of  the  engineer  ii 
charge. 

In  a  large  drainage  area,  such  as  is  found  in  the  upper  part  of  the 
Pecos  Valley,  the  alkali  salts  usually  come  to  the  surface  and  form  a 
crust  over  extensive  areas  during  the  dry  season.  With  the  first  floods 
much  of  this  salt  is  carried  down  into  the  river  and,  as  a  conseqoenoey 
the  first  waters  of  the  spring  floods  at  Carlsbad  contain  a  dangerously 
high  salt  content.  If  the  reservoirs  have  been  low  and  the  waters  are 
already  concentrated  the  first  flood  waters  may  make  the  waters 
of  the  reservoirn  unfit  for  use  until  further  rains  and  floods  have 
come  down.  Where  possible,  under  conditions  of  this  kind,  it  would 
be  advisable  to  divert  the  first  flood  waters  and  not  allow  them  to 
enter  the  reservoirs  at  all.  In  many  places,  of  course,  this  would  be 
an  engineering  feat  of  so  much  difliculty  and  expense  that  it  oould  not 
be  considered,  but  where  it  is  possible,  under  conditions  such  as 
prevail  at  Carlsbad,  it  would  be  very  desirable. 

With  the  irrigation  water  so  near  the  limit  of  endurance  as  some- 
times prevails  in  the  Pecos  Valley  it  would  be  desirable  to  have* 
record  kept  and  daily  or  weekly  notiflcations  sent  to  the  users  of  the 
water  of  the  actual  conditions  as  regards  the  salt  content.  With  one 
of  the  electrical  instruments  in  use  by  the  Division  of  Soils,  the  total 
salt  content  of  the  water  could  be  determined  in  a  few  moments,  at  the 
reservoir,  in  a  flume,  in  the  canal,  or  in  the  river  before  it  enters  the. 
reservoir.  The  total  salt  content  thus  determined,  representing  the 
condition  of  tlie  water,  should  be  communicated  by  telephone  or  other- 
wise to  the  principal  landowners  and  users  for  their  information  and 
guidance. 

It  may  be  perfectly  safe  to  use  water  of  a  relatively  high  salt  con- 
tent on  certain  well-drained  soils  when  it  would  be  ruinous  to  allow  the 
same  water  to  be  used  on  a  poorly-drained  soil  containing  a  high  salt 
content.  Furthermore,  the  previous  condition  of  the  soil  and  the  kiud 
and  age  of  the  plant  has  much  to  do  with  the  safety  in  applying  water 
which  approaches  the  limit  of  crop  endurance. 

The  soil  map  accompanying  the  report  of  Messrs.  Means  and  Gard- 
ner shows  that  there  is  no  excess  of  alkali  in  the  Pecos  sandy  loam. 
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hich  indades  most  of  the  cultivated  land  in  the  valley,  except  in  a 
m  draws  and  low  places.  With  this  map  and  the  alkali  map  it 
lould  be  possible  to  determine  the  limit  of  the  salt  content  of  the 
ater  which  it  woold  be  safe  to  use  on  any  locality  given  on  the  map, 
ft  well  as  for  the  different  plants  at  their  different  stages  of  develop- 
ment. This  is  a  matter  which  shonld  receive  the  thonghtfol  attention 
Dd  consideration  of  all  who  are  interested  in  the  development  of 
gricultnre  in  such  a  community  as  this. 

At  several  points  along  the  Southern  Canal,  in  the  Carlsbad  dis- 
rict,  the  canal  bank  is  thrown  up  on  the  lower  side  and  the  water  is 
Dowed  to  rise  and  flow  over  an  area  of  from  a  quarter  of  an  acre  to  sev- 
ral  acres  in  extent  on  the  upper  side,  forming  a  small  lake.  This  is 
vowedly  done  to  save  the  labor  of  making  embankments  and  for 
icreased  storage  purposes.  It  is  an  exceedingly  pernicious  thing  to 
Uow,  however,  for  two  reasons;  namely,  it  presents  a  relatively  large 
nrface  for  evaporation  and  in  this  way  increases  the  concentration  of 
he  solution  to  a  marked  extent,  and  the  seepage  from  the  canal  is  very 
[leatly  increased  by  allowing  the  water  to  spread  out  over  such  an 
vea.  It  is  very  common  to  And  small  ponds  or  lakes  some  distance 
bm  the  canal,  formed  and  supplied  by  the  seepage  waters  from  the 
aoial.  The  ordinary  seepage  from  the  Southern  Canal  probably  ac- 
»ant8  for  a  large  amount  of  the  trouble  from  seepage  waters  in  the 
3arl8bad  district.  This  trouble  is  confined  largely  to  the  conglomerate 
Hid  gypsum  areas,  but  it  is  unquestionably  felt  to  quite  a  marked 
extent  in  other  soils.  It  was  found  that  in  one  place  in  the  gypsum  area 
lie  canal  lost  about  20  per  cent  of  its  volume  in  a  distance  of  about 
[\  miles.  This  is  going  on  all  the  time  the  canal  is  flowing.  There  is 
10  question  but  what  the  excessive  subirrigation  of  the  gypsum  lands, 
md  probably  of  the  other  subirrigated  lands  shown  upon  the  under- 
ground water  map,  is  due  to  the  seepage  from  the  canal  and  its  later- 
ds,  rather  than  from  overirrigation  by  the  farmers.  This  matter  of 
^  storage  ponds  along  the  canal,  which  has  just  been  referred  to,  is 
esponsible  for  a  great  deal  of  this  unnecessary  injury. 
In  Bulletin  No.  14  of  this  Division,  on  the  Alkali  Soils  of  the  Yellow- 
looe  Valley,  attention  was  called  to  the  fact  that  lands  receiving  the 
it  careful  treatment  by  the  people  living  on  them  might  be  ruined 
seepage  waters  and  alkali  caused  by  the  seepage  from  canals  or  by 
improper  use  of  water  on  a  neighboring  place,  perhaps  several 
ilea  distant.  Many  instances  of  this  kind  have  been  seen,  not  only 
the  Yellowstone  Valley,  but  in  the  Pecos  Valley,  which  is  now 
Ider  consideration.  It  seems  to  me  that  this  is  a  matter  for  the 
ktes  or  for  Congress  to  take  up  with  a  view  that  provision  be  made 
statute  that  reasonable  care  be  taken  to  protect  ditches  and  canals 
mi  undue  loss  of  seepage  waters  and  to  provide  that  reasonable  care 
oxercised  in  the  use  of  irrigation  waters.  Provision  should  be  made 
the  recovery  of  damages  through  civil  suits  in  case  of  injury  to 
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property  throagh  such  sources.  It  is  quite  as  important  for  thi 
States  to  exercise  such  police  power  in  protecting  a  man's  property 
from  destruction  by  seepage  waters  from  a  canal  or  from  injury  by  thi 
excessive  use  of  irrigation  water  by  a  neighbor,  as  to  protect  hii 
property  from  depredations  of  any  other  kind. 

It  is  of  the  utmost  importance,  in  a  locality  similar  to  the  Carlsbad 
district,  where  the  seepage  from  the  canal  is  seen  to  be  doing  so  maek 
injury,  that  the  canal  company  be  required  to  provide  against  this  lost 
of  water  through  seepage,  and  so  protect  the  surrounding  country 
from  the  dangerous  effects  of  the  seepage  waters  which  are  seen  to 
occur.  Particularly  is  this  necessary  where  the  canal  goes  through  a 
loose  gravelly  area  or  through  the  gypsum  soils,  whi6h  have  the  peculiar 
property  of  transmitting  seepage  waters  so  readily  and  for  such  long 
distances.  There  are  various  ways  in  which  such  protection  can  be 
aflbrded,  ways  that  are  voluntarily  used  by  the  water  companies  in 
districts  where  water  is  scarce.  It  is  neither  right  nor  reasonable  to 
permit  the  wide  destruction  of  property  values  simjily  because  water  is 
plentiful  and  is  in  itself  cheap.  Where  the  cause  of  the  tremble  is 
shown  so  clearly  as  in  the  Carlsbad  district  there  should  be  no  hesita* 
tion  in  providing  adequate  protection  to  the  community. 

The  maps  show  that  with  few  exceptions  the  soils  of  the  Carlsbad 
district  are  free  from  excessive  quantities  of  alkali.  With  the  knowl- 
edge gained  through  this  investigation  of  the  dangers  inherent  in  the 
relatively  large  salt  content  of  the  waters,  to  the  danger  from  seepage 
from  the  canals  and  fh)m  overirrigation,  and  the  nature  of  the  soil,  it 
should  be  possible  to  provide  that  such  careful  methods  be  used  that 
certain  lines  of  agriculture  can  be  successfully  carried  on  under  the 
prevailing  conditions. 

There  are  other  questions  which  determine  to  a  considerable  extent 
the  economic  value  of  crops  in  this  arra.  For  example,  the  soils  of  the 
valley  contain  a  large  amount  (from  10  to  20  per  cent)  of  carbonate  of 
lime.  It  is  the  experience  in  certain  localities  that  apple  trees  will 
not  grow  well  with  a  subsoil  containing  so  much  as  20  per  cent  of  lime. 
In  the  matter  of  sugar  beets  also,  where  the  water  used  contains  an 
undue  amount  of  salt,  a  large  proportion  of  the  sugar  fails  to  crystallizei 
and  is  lost. 

There  are  other  qu*  tions  quite  as  important  as  these  to  be  con- 
sidered, but  they  belong  more  particularly  to  some  of  the  other  divisions 
of  the  Department  of  Agriculture.  ' 

One  thing  should  be  said  in  connection  with  the  Carlsbad  area,| 
which  seems  rather  anomalous  in  view  of  the  statements  of  other  ^ 
investigators,  namely,  that  with  a  water  supply  so  near  the  limit  of 
crop  endurance  as  this  becomes  at  times  and  in  those  areas  in  which 
there  is  already  a  large  accumulation  of  salts,  that  economy  in  the  use 
of  irrigation  water,  which  is  generally  recommended  in  alkali  regions, 
is  one  of  the  worst  methods  which  can  be  practiced.  Where  the  soQ' 
contains  a  relatively  large  amount  of  salt  and  bat  little  water  con* 
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Gaining  mnch  salt  is  freqaently  applied,  the  ordinary  evaporation  will 
increase  the  salt  content  of  the  snil  to  sach  sin  extent  that  crops  can  no 
longer  survive;  whereas  if  adequate  drainage  is  provided,  and  a  large 
tmoant  of  water  is  used,  the  excess  of  salt  resulting  from  the  evapora- 
tion of  previouB  applications  of  water,  may  be  removed,  and  the  soil 
Koisture  be  maintained  at  nearly  the  same  concentration  as  the  water 
•apply.  It  is  advisable,  therefore,  over  certain  localities,  at  least  in 
Uie  Carlsbad  district,  to  provide  underdrainage  where  necessary,  and 
then  use  relatively  large  applications  of  water,  rather  than  frequent 
small  applications.  If  the  drainage  is  adequate,  it  may  be  that  an 
occasional  flooding  in  the  winter  would  leave  the  land  in  good  condition 
tot  the  coming  season,  and  that  during  the  season  firequent  small  appli- 
cations can  then  be  used  to  advantage. 

A  portion  of  the  town  of  Carlsbad  lies  directly  under  one  of  the  con- 
glomerate banks.  The  seepage  through  this  from  the  canal  has  raised 
the  water  surface  to  within  2  or  3  feet  of  the  surface  of  the  ground.  As 
a  consequence  of  this  the  shade  trees  have  suffered,  and  many  of  them 
have  died.  An  attempt  was  made  to  improve  the  conditions  by  stop- 
ping the  irrigation  altogether.  This  made  matters  worse.  The  water 
in  the  soil  concentrated  so  rapidly  and  to  such  an  extent  that  the  trees 
began  dying  off  quite  rapidly  until,  on  the  advice  of  Professor  Skeats, 
irrigation  was  once  more  resumed,  and  the  conditions  were  ameliorated. 
The  irrigation  in  this  case  should  be  supplemented  by  underdrainage, 
which  would  not  only  lower  the  water  level  in  the  soil  and  secure  better 
aeration,  but  it  would  secure  better  control  of  the  salt  content  of  the 
soil  by  occasional  flooding. 

Some  observations  by  Mr.  Gardner  on  these  soils  are  interesting 
and  instructive.    A  series  of  tubes  was  inserted  into  the  soil  down  to 
the  water  level,  so  that  the  fluctuations  of  the  water  level  could  be 
observed  with  a  rod  or  float.    In  addition  to  this,  a  series  of  electrodes 
was  put  into  the  soil  at  intervals  2  or  3  inches  apart  down  to  stand- 
ing water.    It  was  x>o8sible  by  these  means  to  watch  the  effect  of  irri- 
gation on  the  soil  moisture.    Before  irrigation  the  level  of  standing 
water  was  3  feet.    Within  thirty  minutes  after  the  irrigation  water 
liad  reached  the  place  both  the  tubes  and  electrodes  showed  the  level 
of  standing  water  to  have  risen  to  the  surface  of  the  ground.    The 
water  was  held  on  for  some  time  after  the  complete  saturation  had  been 
effected,  and  after  it  was  stopped  it  took  several  days  for  the  natural 
drainage  to  restore  the  normal  conditions  and  for  the  water  level  to 
sink  to  its  former  level.    Such  conditions  must  be  unhealthy  for  crops, 
and  if  the  excessive  flooding  and  complete  saturation  is  necessary  to 
Y^niove  accumulated  salts,  artificial  drainage  should  be  introduced  to 
quickly  remove  the  excess  of  water  used,  as  well  as  to  lower  the  level 
of  standing  water  in  the  soil. 

The  maps  show  that  in  the  Boswell  district  extensive  areas  of  land 
>i«  already  mined  by  seepage  waters  and  by  alkali.  This  has  unones- 
^uably  come  from  the  seepage  from  the  canals  and  front  overirri  liga- 
tion.  The  area  is  small  and  seems  adapted  to  intensive  farming,  and 
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there  is  no  reason  why  at  comparatively  small  expense  these  landi 
should  not  be  nnderdrained  and  the  present  trouble  entirely  removed. 
The  water  supply  is  so  good  that  with  adequate  drainage  provided 
there  is  no  question  about  the  ease  with  which  the  damaged  laud  ooau 
be  reclaimed. 

The  conditions  are  so  clearly  presented  in  the  report  and  accouipany- 
ing  maps  and  the  remedies  are  so  obvious  that  further  comment  iu  thi^ 
place  is  unnecessary.  The  investigations  certainly  iK)int  to  a  most 
encouraging  prospect  for  success  in  the  fioswell  district. 

Pecos  City  and  Barstow  are  approximately  80  miles  south  of  Carlsbad. 
The  Pecos  Biver,  supplying  these  places  with  irrigation  water,  gathers 
the  unused,  waste,  and  seepage  waters  from  the  Boswell,  Hagermaniy 
and  Carlsbad  irrigated  areas,  and  the  salt  content  of  the  water  Is  so 
great  as  to  be  beyond  the  limit  of  endurance  for  most  plants  daring 
the  greater  part  of  the  time. 

Nothing  can  be  said,  no  advice  can  be  given  for  the  successful  irriga- 
tion of  lands  where  the  water  supply  has  so  large  a  salt  content  as  at 
these  places.    It  is  just  possible  that  at  certain  times  of  the  year  and 
in  certain  states  of  the  water  the  water  supply  may  be  pure  eiioagh 
for  successful  irrigation,  and  that  by  the  construction  of  large  storage 
reservoirs  and  the  diversion  of  the  water  when  the  salt  content  reaches 
a  certain  maximum  a  small  irrigated  district  could  be  maintained; 
but  these  are  questions  which  would  require  a  detailed  investigation 
extending  over  a  number  of  years.    It  would  be  advisable  to  have 
records  made  of  the  conditions  of  the  water  from  day  to  day  for  at 
least  two  or  three  years,  and  not  rely  upon  the  single  determinations 
which  have  been  made,  although  these  are  supported  by  the  experience 
of  the  past  years  in  the  practical  irrigation  of  the  lands. 

Mention  has  already  been  made  of  the  occurrence  of  the  root-rat 
disease  iu  the  Carlsbad  district.    So  far  as  can  be  determined  with  a 
single  season's  observations  and  without  the  necessary  investigations 
of  the  vegetable  pathologist,  it  would  seem  that  the  character  of  the 
soil  with  the  high  content  of  carbonate  of  lime,  which  is  known  to  be 
prejudicial  to  certain  crops — especially  apple  trees — and  with  the  water 
supply  so  charged  with  salts  as  to  be  near  the  limit  of  endurance  for 
croi)s,  the  vitality  of  the  crops  would  be  so  low  that  they  would  become 
peculiarly  subject  to  diseases  which  in  a  more  vigorous  condition  they 
could  readily  resist.    This  is  a  matter,  however,  for  the  Division  of 
Vegetable  Physiology  and  Pathology,  and  I  consider  that  these  records 
and  maps  would  form  a  very  valuable  basis  from  which  they  couM 
work  out  economic  problems  in  vegetable  physiology  and  pathology 
which  others  have  tried  for  years  to  study  in  the  confined  limits  and 
under  the  artificial  conditions  of  pot  culture.    It  is  a  line  of  investiga- 
tion which  is  well  worthy  of  being  followed  out,  as  it  is  of  the  utmost 
econonnc  importance  not  only  in  this,  but  iu  other  irrigated  districts    i 
of  the  West 
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SALT  LAKE  VALLEY. 

The  Salt  Lake  Valley  is  the  oldest  of  the  modern  irrigation  districts 
did  has  been  noted  for  the  high  state  of  cultivation  of  the  lands  by 
be  Mormons.  Daring  recent  years,  however,  complaints  have  been 
nade  of  the  damage  by  alkali  and  seepage  waters  of  the  lower  levels, 
rhich  were  formerly  the  most  productive  soils  of  the  valley.  The 
endency  has  been  for  the  settlers  to  move  farther  and  farther  back 
«itx)  the  higher  benches. 

The  work  of  the  field  party  was  confined  to  that  portion  of  the  val- 
ey  west  of  the  Jordan  Biver  and  extending  to  the  Great  Salt  Lake 
md  to  the  Oqairrha  Mountains.  This  area  comiirises  approximately 
UM)  square  miles,  or  about  160,000  acres.  Of  this  large  area  only  40 
iqaaro  miles,  or  approximately  25,000  acres,  are  at  present  under  irri- 
pitioo,  and  50  square  miles,  or  32,000  acres,  are  all  that  have  ever  been 
inder  successful  irrigation.  About  90  square  miles,  or  approximacely 
)8,000  acres,  are  above  the  canals  and  are  at  present  not  available  for 
irrigation.  There  are  about  125  square  miles,  or  approximately  80,000 
aeres,  in  a  vast  level  stretch  of  country  west  and  north  of  Salt  Lake 
City,  extending  to  the  Great  Salt  Lake.  Of  this  it  has  been  estimated 
that  about  90  square  miles,  or  approximately  58,000  acres,  are  capable 
of  improvement  through  underdrainage  or  irrigation.  The  remaining 
35  square  miles  of  this  area  are  in  flats  of  heavy  clay  soil  of  low  eleva- 
tion,  filled  with  alkali,  which  it  would  be  inadvisable  or  impossible  to 
underdraiu. 

The  water  supply  of  the  Jordan  River  is  reasonably  pure  and  is 
▼ell  suited  for  irrigation  purposes.  The  most  recent  canals  were  taken 
oat  near  the  Jordan  Narrows  and  have  nearly  the  same  composition 
u  the  Utah  Lake.  Farther  down  the  river  gathers  some  alkali  from 
seepage  waters,  but  it  also  gains  a  considerable  quantity  of  fresh  water 
from  mountain  streams,  so  that  there  is  considerable  variation  in  the 
salt  content  in  different  parts  of  its  course.  There  seems  to  be  an  ample 
water  supply  to  irrigate  all  the  land  which  could  be  brought  under  the 
ditch,  hut  on  account  of  the  high  salt  content  of  the  soil  irrigation  has 
never  been  successfully  practiced  on  the  125  square  miles  of  nearly 
level  land  west  and  north  of  Salt  Lake  City. 

Of  the  50  square  miles  which  have  been  under  the  ditch  and  sue- 
eessfully  cultivated,  about  10  square  miles,  or  one-fifth  of  the  whole 
area,  have  been  ruined  by  seepage  and  alkali  salts  from  the  higher 
levels.  This  abandoned  land  is  now  wet  and  swampy,  and  about  1,000 
acres  are  actually  covered  by  large  lakes  which  have  been  formed  by 
the  seepage  from  canals  and  irrigated  lands.  These  abandoned  lands 
were  originally  the  most  fertile  portion  of  the  area,  and  being  for  the 
most  part  nearer  the  city  had  a  value  probably  of  not  far  from  $80  to 
tlOO  per  acre.  This  damage  is  gradually  extending  back  toward  the 
bench  lands.  It  could  readily  be  stopped  with  more  care  in  the  con- 
fttruction  of  the  canals  and  in  the  use  of  water  supplemented  by 
thorough  drainage. 
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Th^re  is  a  scheoie  on  foot  at  the  present  time  to  constrnct  a  hig%- 
level  canal,  taken  oat  frotn  the  Jordan  Narrows,  to  be  supplied  faf^ 
hydranlic  pnmps,  which  wonld  bring  under  the  ditch  a  large  portion  a| 
the  90  square  miles  at  present  above  the  irrigating  canal.  This  would; 
increase  the  danger,  however,  to  the  lauds  at  present  under  irrigatiou, 
and  steps  should  be  taken  to  protect  these  lands  and  prevent  tbo 
encroachment  of  the  seepage  waters  and  alkali  on  the  lower  levels. 
This  is  a  matter  which  could  easily  be  accomplished  at  a  moderate  coat. 
It  would  necessitate  more  careful  work  in  the  construction  of  the 
canals,  to  prevent  seepage,  and  adequate  drainage  on  the  lower  levels. 

The  greatest  problem,  however,  in  the  valley  at  the  present  time  is 
the  reclamation  of  about  100  square  miles  of  the  land  lying  adjacent  to 
and  west  of  Salt  Lake  Oity.    There  seems  to  be  no  question  about  the 
feasibility  of  the  engineering  problem  in  underdrainage  there,  or  aboat 
the  efficiency  of  underdrainage  in  the  reclamation  of  these  lands  with 
the  water  supply  so  good  and  so  abundant  as  it  is.    The  cost  of  undei^ 
drainage  would  be  no  greater  than  for  similar  lands  in  the  States  (^ 
New  York,  Ohio,  or  Illinois;  while  the  value  of  these  lands,  being  so 
near  Salt  Lake  City,  would  certainly  be  as  great  as  in  those  States 
where  underdrainage  has  been  so  extensively  carried  on  and  is  con- 
sidered  so  essential  in  the  cultivation  of  the  land  and  the  maintenance 
of  its  fertility.    There  would  thus  seem  to  be  a  fine  opening  as  a  com- 
mercial enterprise  in  the  development  of  these  lands  through  under- 
drainage. 

There  is  a  mean  average  fall  from  the  ridge  running  in  a  northwesterly 
direction  from  Salt  Lake  City  of  about  2  feet  to  the  mile  down  to 
the  lake.  This  would  be  ample  for  the  main  drainage  canals,  as  the 
irrigation  canals  are  frequently  built  with  about  half  this  fall  per  mile. 
The  drainage  of  these  lands  would  be  rendered  comparatively  easy 
through  the  numerous  draws  already  existing,  which  are  from  G  to  8 
feet  below  the  general  level  of  the  surface  into  which  the  drains  could 
empty.  Good  tile  clay  is  abundant  in  the  vicinity  and  tile  could  be 
made  and  delivered  to  the  farmer  at  a  reasonable  cost. 

Over  such  an  extensive  area  as  this  the  drainage  systems  should  be 
well  devised  and  should  be  a  community  affair  rather  than  constructed 
through  individual  efforts.  The  cost  of  underdraining  these  lands  witk 
tile  is  estimated  at  from  (10  to  $20  per  acre,  depending  upon  the  texture 
of  the  soil  and  the  distance  apart  of  the  drains.  These  lands  at  present 
have  no  value  or  only  a  mere  nominal  value  for  grazing  purposes.  The 
irrigated  lauds  of  the  locality  are  worth  from  $60  to  $80  per  acre.  If 
these  lands  adjacent  to  Salt  Lake  City  were  reclaimed  through  under- 
drainage they  would  be  worth  certainly  from  $60  to  $80  per  acre,  and 
much  more  than  this  if  held  as  suburban  property.  This  reclamation 
work  should  be  carried  on  as  a  community  enterprise,  aided  perhaps  by 
county  or  State  credit,  as  has  been  done  in  many  sections  of  the  country 
where  similar  enterprises  are  undertaken. 
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These  are  the  great  problems  presented  in  the  Salt  Lake  Valley, 
iroblems  presented  very  clearly  iu  the  report  prepared  by  Messrs. 
rardner  and  Stewart.  From  the  evidence  there  presented,  and  espe- 
aally  from  the  maps,  the  actaal  conditions  in  the  valley  may  be  clearly 
uulerstood.  The  soil  map  shows  tlie  distribution  of  the  different  types 
)f  soil,  the  Jordan  sandy  loam  forming  by  far  the  greatest  extent  of 
raluable  land.  This  soil  is  not  originally  very  alkaline  and  it  is  easily 
Irained  and  improved.  The  Jordan  loam  is  rather  more  difficult  to 
deal  with,  while  the  Jordan  clays,  from  their  slight  elevation  and  the 
Impervions  nature  of  their  material  and  the  large  accumiihttion  of  salts 
iu  them,  woald  present  great  difficulties  and  would  perhaps  prove 
impossible  of  reclamation. 

Where  this  Jordan  clay  occurs  at  a  reasonable  distance  from  the 
sarface,  however,  it  undoubtedly  adds  strength  to  the  lands.     Where 
it  comes  too  near  the  surface  it  is  an  element  of  danger,  as  it  impedes 
the  drainage  of  the  soil.    The  relation  of  these  soils  to  drainage,  seep- 
age waters,  and  alkali  should  be  very  carefully  studied  by  the  farmer. 
The  alkali  maps  and  the  underground  water  map  show  very  clearly 
the  conditions  prevailing  over  the  whole  district.     Attention  should  be 
particularly  directed  to  the  very  large  accumulation  of  alkali  in  some 
of  the  areas  north  of  the  Twelfth  street  road.    Also  the  remarkable 
accumulation  of  sodium  carbonate  or  bldck  alkali  should  be  considered. 
This  sodium  carbonate  occurs  in  places  to  as  great  an  extent  as  3  per 
cent  in  the  surface  foot  of  soil,  while  the  composition  of  the  crust  which 
forms  over  the  surface  indicates  at  least  a  possibility  that  it  may  be 
safficieuily  pure  for  commercial  purposes. 

One  interesting  thing  in  connection  with  this  area  is  that  calcium 
chlorid  has  been  found  to  occur  in  very  large  proportions  in  some  of 
these  crusts,  and  strontium  is  also  present  in  appreciable  amounts.  No 
attempt  was  made  to  investigate  the  economic  iiui)ortance  of  these 
Baits,  bat  the  indications  are  that  it  would  be  worth  while  to  look  into 
the  matter  further  from  an  economic  point  of  view. 

The  investigation  of  the  hardpan  forming  on  the  shores  of  Great 
Salt  Lake  is  interesting  and  valuable.  It  seems  to  me  that  the  whole 
matter  of  the  oc<^urTent!e  and  formation  of  hardpan  in  soils  is  very 
nearly  solved,  and  that  before  very  long  this  troublesome  question  iu 
agricultural  practice  will  be  fully  understood.  The  observations  of 
Messrs.  Gardner  and  Stewart  and  the  paper  by  Dr.  Cameron  have 
towtributed  imj>ortant  facts  and  suggestions  toward  the  solution  of  this 
problem. 

THE   CONNECTICUT   VALLEY. 

'The  report  of  Mr.  Dorsey  on  the  soil  survey  of  the  Connecticut 
Valley,  with  the  accompanying  map,  presents  so  clearly  the  conditions 
V^^Jvailing  there  that  little  comment  is  necessary  at  this  place.  Further- 
'^^ore,  it  is  but   the  basis  of  a  very  extensive  and   compri'liensive 
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investigation  by  this  division,  aathorized  by  Congress  in  the  preaeot 
appropriation  bill. 

The  map  shows  the  distribution  of  the  soils  of  the  valley,  which  are 
described  with  all  necessary  detail  in  the  accompanying  report.    The 
sides  of  the  valley  are  formed  for  the  most  part  from  the  glacial  deposits 
of  Triassic  sandstone,  and  in  the  northern  part  of  diabase.    The  soils 
of  the  valley  proper  are  sediments  which  have  been  washed  over  and 
assorted  in  the  great  lake  which  is  supposed  to  have  covered  this  area 
in  prehistoric  times.    Some  of  the  soils  occur  in  well-defined  terraces, 
which  formed  the  shores  of  the  old  lake,  or  which  were  formed  subse- 
quently by  the  river  and  streams.    Over  much  of  the  area,  however, 
these  terraces  are  ill-defined  or  entirely  lacking,  and,  from  the  differ- 
ences in  elevation  of  the  same  soil  formation  in  different  parts  of  the 
valley,  there  are  even  evidences  to  disprove  the  terrace  theory  of  the 
physiography  of  the  country.     Certain  it  is,  however,  that  the  soils 
were  laid  down  by  water,  and  that  in  so  doing  they  were  sorted  out  in 
various  grades  of  fineness.    Beginning  with  the  present  meadows, 
which  are  composed  of  very  fine  sand  and  silt,  the  Podunk  region  is  in 
a  well-defined  terrace  elevated  about  20  feet  above  the  meadows  and  is 
composed  of  one  grade  coarser  material,  but  still  so  fine  as  to  be  just 
distinguishable  by  the  eye. 

The  Hartford  loam,  forming  the  principal  tobacco  soil,  in  extent  at 
any  rate,  is  a  grade  coarser  than  this,  while  the  Windsor  loam,  believed 
to  be  the  original  bottom  of  the  old  lake  in  its  shallowest  portion,  is 
very  coarse  sand,  containing  some  gravel.  These  Windsor  sands  prodaoe 
the  finest  wrapper  leaf  when  the  season  is  favorable,  but  a  good  crop 
is  secured  only  one  or  two  years  out  of  five. 

As  Mr.  Dorsey  points  out  in  his  report,  the  one  great  trouble  with  the 
Connecticut  tobacco  is  that  it  does  not  conform  to  the  present  require- 
ments of  the  cigar  trade.  The  leaves  are  too  large,  the  veins  are  too 
large,  the  base  of  the  leaf  is  too  glossy  and  lacks  texture  and  style, 
while  the  color  of  the  leaf  is  far  from  uniform.  An  attempt  is  soon  to 
be  made  to  secure  a  radical  change  in  the  type  of  the  leaf  by  close 
planting,  allowing  many  more  leaves  to  the  stalk,  by  very  rapid  growth, 
by  shading,  and  possibly  by  irrigation.  These  experiments  with  the 
,  Connecticut  tobacco  will  be  undertaken  in  the  hope  of  producing  a  leaf 
approaching  more  nearly  the  Sumatra  type  of  wrappers,  this  type  being 
generally  accepted  in  this  country  as  the  standard  for  cigar  wrappers. 

With  the  intensive  cultivation  that  this  will  require,  it  is  quite  pos- 
sible that  these  Windsor  sands  may  be  looked  to  for  the  finest  wrapper 
leaf.  I  am  of  the  opinion  that  even  with  the  present  style  of  leaf  it 
would  pay  to  irrigate  these  lands  where  this  coul  1  be  done  easily  and 
cheaply,  in  order  to  secure  a  crop  four  times  out  of  five  at  least  where 
now  it  is  only  possible  to  obtain  one  or  two  crops  out  of  five. 

The  Hartford  loam  is  decidedly  a  safer  soil  and  can  be  relied  upon  to 
produce  a  fairly  good  crop  of  the  Havana  seed  leaf  variety  each  year. 


CECIL   COUNTY,   MD. — FIELD    METHODS    FOR    A    SOIL   SURVEY.      29 

ThiH  tobac;co  has  a  peculiar  ^^  seedy"  taste  which  it  is  desired  to  get  rid 
of  and  it  is  possible  that  this  may  be  accomplished  through  selection 
and  breeding,  if  not  by  radical  departures  from  the  present  methods  of 
cultivation  and  fermentation. 

Such  questions  as  these  will  form  the  basis  of  an  extensive  line  of 
investigations  already  outlined,  requiring  several  years  of  systematic 
work. 

CECIL   COUNTY,   MD. 

The  soil  work  for  the  Cecil  County  sheet  has  been  completed  during 
the  present  season,  but  the  topographic  base  map  has  not  yet  been 
engraved  and  will  not  be  available  for  publication  before  the  fall  of 
1900.  Photographs  of  the  pencil  copies  were  kindly  furnished  by  the 
United  States  Geological  Survey  for  the  actual  field  work  and  transfers 
wiU  be  obtained  as  soon  as  the  plates  are  engraved.  The  soil  ma))  will 
he  published  in  cooperation  with  the  Maryland  geological  survey. 

LABORATORY  WORK. 

The  paper  by  Dr.  F.  K.  Cameron,  soil  chemist  of  the  division,  cooper- 
ating with  the  Division  of  Chemistry,  together  with  the  one  by  Mr. 
Lyman  J.  Briggs,  physicist  of  this  division,  shows  some  important 
advancements  made  in  the  methods  of  soil  investigations,  which  have 
very  materially  increased  the  efficiency  of  our  field  parties  and  have 
made  them  quite  independent  now  of  the  laboratories,  except  so  far  as 
the  laboratories  will  be  used  to  investigate  and  explain  the  basis  upon 
which  the  soils  have  been  classified  in  the  field  in  order  to  show  as  fully 
aa  possible  the  physical  and  chemical  peculiarities  of  the  different  soils. 

The  electrical  methods  of  determining  the  moisture  and  salt  content 
of  soils  are  based  upon  the  conception  of  the  soil  moisture  as  being  a 
solution  of  a  mixture  of  more  or  less  difficultly  soluble  substances.  Dr. 
Cameron  has  carried  this  further  in  the  application  of  the  modern 
theories  of  solution  to  the  study  of  some  of  the  most  difficult  soil 
problems.  As  a  result  of  this,  new  methods  of  field  analysis  of  mineral 
sabstances  have  been  devised,  and  the  occurrence  of  certain  mineral 
Bobstances  in  the  alkali  soils  and  crusts  has  been  explained  with  sug- 
gestions for  the  more  rational  treatment  of  the  land,  and,  lastly,  the 
occurrence  and  mode  of  formation  of  hardpan  has  been  explained  more 
clearly  and  more  rationally  than  ever  before.  The  work  naturally 
leads  up  now  to  a  stady  of  the  interesting  and  important  subject  of 
absorption  by  soils  and  the  chemical  and  physical  changes  induced  by 
fertilizers. 

FIELD   METHODS  FOR   A  SOIL  SURVEY. 

After  years  of  careful  work  the  methods  adapted  to  the  field  survey 
of  soils  have  been  perfected,  so  that  now  the  field  parties  are  quite 
independent  of  the  laboratories,  at  least  in  the  preparation  of  their 
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maps.    A  brief  description  of  the  field  methods  in  use  by  the  diviskn 
at  this  time  may  be  of  valae  to  those  who  are  interested  in  the  work 

In  the  field  classification  of  soils  all  features  are  taken  into  consid- 
eration which  appear  in  any  way  to  influence  the  relation  of  soils  to 
crops.  The  classification  is  based  mainly  upon  the  physical  propertiei 
and  condition  of  the  soil  as  determined  by  the  soil  expert,  but  it  is  iiol 
based  solely  on  this.  Any  chemical  feature,  such  as  deposits  of  marl, 
of  highly  calcareous  soils,  or  of  highly  colored  soils,  is  considered,  sm 
well  as  the  character  of  the  native  vegetation  and  the  condition  of  the 
crops.  The  topography  of  the  country  is  often  a  very  safe  guide  in 
outlining  the  boundaries  of  soil  conditions.  For  this  reason  it  is  very 
advisable  that  there  should  be  reliable  maps  of  the  different  distrirtg 
to  base  the  soil  work  on  and  that  these  maps  should  show  the  important 
topographic  features. 

In  order  to  make  the  maps  of  the  greatest  possible  local  value  it  has 
been  decided  to  publish  the  soil  maps,  so  far  as  possible,  on  a  scale  of 
1  inch  to  the  mile.  Local  variations  in  the  character  of  the  soil  of  less 
than  one-fourth  of  a  mile  in  extent  are  generally  ignored,  unless  th29 
variation  constitutes  a  very  prominent  feature,  such  as  a  strip  of 
meadow  land  along  a  stream,  or  unless  there  are  a  number  of  small  areas 
by  which  a  certain  character  is  given  to  the  district.  For  example,  if 
rocky  areas  occur,  small  in  each  case,  but  extending  over  large  areas, 
they  should  be  indicated  in  some  way  upon  the  soil  map. 

The  basis  for  the  field  classification  of  the  soils  of  the  Oonnecticat 
Valley  may  be  seen  from  Mr.  Dorsey's  report.  The  meadow  land  is  not 
only  set  oif  as  a  distinct  physiographic  feature,  depending  upon  the 
topography  of  the  country,  but  it  is  a  very  fine  sediment  of  silt  and  very 
fine  sand,  which  is  easily  recognized  and  is  distinct  from  any  of  the  other 
soils  of  the  valley.  The  judgment  of  the  soil  expert  in  the  field  in  a 
matter  of  this  kind  in  deciding  on  the  texture  of  these  soils  is  very 
reliable. 

The  Podunk  loam  is  a  grade  coarser  than  the  meadows,  and  this  also 
is  very  apparent  to  the  observer  in  the  field.  The  difference  in  texture 
in  these  soils  can  be  recognized  quitc^.  clearly  in  dried  samples  in  the 
laboratory.  The  difference  in  the  character  of  the  vegetation  and  in 
the  relation  of  crops  as  seen  in  the  field  is  very  marked. 

Extending  back  from  the  river  on  either  side  and  at  higher  eleva- 
tions is  the  Hartford  loam,  which  is  still  coarser  in  texture,  while  the 
Windsor  sands  are  very  coarse  angular  quartz  grains  with  a  little  fine 
gravel.  The  Triassic  stony  loam  has  a  peculiar  Indian  red  color  and 
contains  fragments  of  stones  grading  up  in  size  to  boulders.  Tbe 
Enfield  loam  is  apparently  a  deposit  of  the  Hartford  loam  immediately 
upon  the  Triassic  stony  loam,  with  an  average  depth  of  about  18  inches. 
The  Chicopee  gravelly  loam,  covering  a  large  area  in  the  northern  part 
of  the  district,  has  so  much  gravel  as  to  form  a  very  conspicuous  feature. 
These  features,  upon  which  the  classification  of  these  Connecticut  soite 
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^bised.  are  qaite  plain  and  distinct  enough  in  the  field  to  ontline  the 
P  areas. 

jln  the  preliminary  work  in  Florida,  which  was  mentioned  in  Bniletin 
jfK  13  of  this  division,  it  is  evident  that  the  classificatiou  of  the  soils 
had  to  be  made  mainly  from  the  distribution  of  the  native  vegeta- 
The  different  classes  of  soils  there  varied  but  little  in  their 
sical  and  chemical  properties,  but  there  is  a  very  great  difference 
the  native  vegetation  and  in  the  adaptation  to  crops.  The  reason 
this  is  not  at  present  understood,  but  it  is  mentioned  here  to  show 
the  basis  for  the  classification  of  soils  differs  under  different  cir- 
fttanees. 
The  survey  of  the  alkali  soils  of  the  far  West  is  much  more  difflcult<^ 
it  involves  other  determinations  and  observations  in  the  field.  There 
ihoald  always  be  a  soil  map,  an  alkali  map,  an  underground  water 
p,  and  where  sodium  carbonate  exists  in  appreciable  quantities  a 
te  map  shoald  be  made  showing  the  distribution  of  this  pemici- 
sabstance.  Tt  is  very  important  that  the  data  for  the  soil  map  be 
collected  and  the  soil  districts  outlined  on  the  best  available  base 
Ittap.  This  will  enable  a  much  more  intelligent  stndy  of  the  alkali 
iblem  to  be  made  than  if  the  distribution  of  the  soils  had  not  pre- 
\y  been  determined.  An  example  of  this  ran  be  seen  in  the  Salt 
like  sheet  which  accompanies  Mr.  Gardner's  report. 

Ab  a  rule  the  clay  soils  on  the  flats  and  draws  of  the  great  alkali 
plain  west  of  Salt  Lake  City  contain  the  greater  amount  of  alkali,  the 
loam  Hoils  next,  then  the  sandy  loam,  and  finally  the  sandy  soils.  This 
is  partly  due  to  the  texture  of  the  soil  and  the  influence  of  this  texture 
<m  the  drainage,  and  partly  to  the  physiography  of  the  country  as 
determining  the  drainage  question. 

Having  located  these  soils  and  considered  the  influence  of  the  topog- 
raphy, a  comprehensive  stady  of  the  alkali  conditions  is  much  simpler. 
Ill  the  preparation  of  the  soil  maps  only  sncli  conditions  as  are  ap- 
parent in  the  field,  such  as  the  texture  as  determined  by  the  feel  and 
appearance,  the  depth  of  soil  and  subsoil,  the  amount  of  gravel,  the 
condition  as  to  drainage,  and  the  native  vegetation  or  known  relation 
to  crops,  are  mapped. 

Having  determined  upon  the  final  classification  of  the  soils  of  a 
^lity,  each  well-defined  area  is  established  as  a  class  and  given  a  local 
naoie.  No  attempt  will  be  made  for  the  present  to  correlate  a  loam  soil 
ilk  the  C3onnecticnt  Valley  with  a  loam  in  the  Susquehanna  Valley  in 
PeoDsylvania  unless  the  two  are  very  clearly  identical  in  origin,  in 
(^aracter,  in  relation  to  crops,  and  under  essentially  the  same  climatic 
condition.  If  there  is  any  apparent  difference  it  is  preferable  to  give 
^b  a  local  name  and  describe  each  separately  in  the  most  careful  and 
cxh^gtive  manner. 

Having  decided  upon  the  classification,  samples  should  be  taken 
^m  each  soil  formation  in  order  to  study  the  texture  and  chemical 
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composition.    For  this  purpose  each  area  should  be  represented 
least  eight  or  ten  samples  so  selected  that  they  will  represent  the 
age  conditions  of  the  area.    The  depth  to  which  these  samples  8] 
be  taken  depends  somewhat  upon  the  locality.    In  the  eastern  di 
the  samples  are  usually  taken  to  a  depth  of  3  feet  and  occasioi 
deeper.    In  the  western  district,  where  the  soils  are  more  uniform 
where  the  alkali  conditions  are  important,  the  samples  are  usnallj 
to  a  depth  of  G  feet  and  occasionally  deeper.    The  samples  represei 
any  particular  formation  should  be  fully  described  and  such  a  nni 
of  them  taken  for  examination,  both  physical  and  chemical,  as  mayl 
thought  necessary  to  bring  out  the  striking  features  of  the  soil. 
information  so  acquired  will  be  used,  not  as  heretofore  to  base 
classification  upon,  but  only  to  describe  the  samples  mentioned  in 
text  and  to  show  the  relation  of  the  different  soils  of  the  area. 

In  the  construction  of  the  alkali  maps  it  was  formerly  the  practice' 
this  division  to  take  borings  at  more  or  le^s  regular  intervals  ah 
section  lines  and  afterwards  construct  a  map  from  the  field  notes  :ii 
they  had  been  corrected  and  the  figures  reduced  in  the  laboratoi 
Much  time  can  be  saved,  however,  and  greater  accuracy  secured  by  pi 
paring  the  maps  in  the  field  as  the  work  progresses,  as  is  always  d< 
in  the  case  of  the  soil  maps. 

Having  outlined  the  soil  areas,  each  area  should  be  studied  in  sai 
cient  detail  to  determine  its  condition  as  regards  alkali.    Veryfre* 
quently,  from  the  character  of  the  soil  and  the  topography  of  the  land, 
the  conditions  of  alkali  over  extensive  areas  can  bo  very  satisfaetoril 
determined  with  a  very  few  salt  determinations.    The  alkali  conditio! 
of  each  soil  should  therefore  be  studied  in  this  way. 

It  is  usual  to  make  borings  for  alkali  work  to  a  depth  of  6  feet  or 
more.    It  has  been  found,  however,  that  the  data  so  collected  is  really] 
more  than  is  necessary  for  the  construction  of  an  alkali  map.    It  is 
now  considered  sufficient  to  examine  the  first,  third,  and  fifth  foot  of 
the  boring  for  alkali  salts  and  neglect  the  second  and  fourth  foot. 

In  plotting  the  results  on  the  map  it  has  been  customary  to  locate 
the  borings  on  the  base  map  and  faintly  indicate  the  salt  content  of 
the  first,  third,  and  fifth  foot.  Having  determined  the  limits  which  it 
is  desired  to  show  upon  the  map,  lines  are  drawn  around  the  fibres  Iq 
such  a  way  as  to  separate  the  areas  falling  within  or  without  the  limit- 
ing values.  It  has  been  found  better  to  use  judgment  in  the  placing  of 
these  lines,  based  upon  the  salt  content  of  these  three  depths,  rather 
than  to  accurately  outline  the  conditions  of  the  surface  foot  or  of  any 
given  depth  below  the  surface.  Very  frequently  from  some  local  cause, 
such  as  a  slight  elevation  or  a  ridge  formed  in  the  cultivation  of  the 
soil,  etc.,  the  surface  foot  may  contain  a  small  amount  of  alkali,  while 
the  lower  depths  will  show  an  excessive  amount.  These  lower  depths 
thus  serve  to  check  any  error  that  may  occur  from  a  eonsideratiou  of 
the  surface  conditions.    Furthermore,  even  if  the  surface  foot  is  shown 
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be  free  from  alkali  over  a  considerable  area  which  has  never  been 
Eigated  and  excessive  quantities  are  shown  in  the  other  depths,  it 
Mdd  be  entirely  misleading  to  show  the  soil  fr'ee  from  alkali  as  a  sor- 
6e  map  would,  as  tronble  would  very  soon  be  apparent  after  irrlga- 
im  was  started.  It  is  not  considered  advisable  to  publish  maps  show- 
g  the  alkali  conditions  at  different  depths,  but  far  better  in  arranging 
le  map  to  rely  upon  the  judgment  of  the  soil  expert  in  outlining  what 
•y  be  considered  as  safo,  dangerous,  or  worthless  soils,  so  far  oa  alkali 
lltB  are  oomeeraed. 

l*his  work  has  formerly  been  done  in  the  office  after  the  salt  cotitent 
nresponding  with  the  actual  resistances  in  the  field  had  been  reduced, 
he  present  practice,  however,  is  to  map  these  salt  areas  in  the  field  in 
w  same  manner  as  the  soils  are  mapped.  A  salt  map  is  usually  shown 
I  colors,  these  colors  indieating  the  soils  having  a  veiy  small  and 
lie  alkali  content,  those  In  which  the  alkali  is  too  strong  for  crops,  and 
itermediate  grades,  which  may  be  considered  dangerous  and  which 
roald  have  to  be  handled  with  care  and  judgment.  In  the  work  so  far 
bis  medium  grade  has  a  limiting  value  of  one-half  of  the  maximum — 
hat  is,  if  the  maximum  amount  for  a  crop  of  any  particular  kind  of 
Ikali  is  0.50  per  cent,  the  lower  limit  of  the  danger  line  would  be  placed 
A0.25.  This  is  an  arbitrary  figure,  but  one  which  seems  to  be  justified 
ff  the  facts. 

In  testing  the  limiting  value  it  is  customary  to  look  for  a  crop  such 
IS  alfalfa  or  wbeat,  which  is  showing  the  effect  of  alkali  in  some  portion 
tf  the  field.  Very  frequently  the  middle  of  the  field  may  begin  to  die 
mt  while  the  edges  are  still  flourishing^  or  perhaps  one  comer  will  show 
9ie  effects  of  alkali  before  the  rest  of  the  field  is  affected.  By  careful 
vork  on  such  a  field  as  this  the  limiting  value  can  be  determined.  The 
Biectrical  resistance  of  the  soil  at  various  points  In  such  a  vicinity 
dionld  be  determined,  corrected  for  temperature,  and  the  limiting  value 
be  selected  ftam  the  resistance  figures  so  obtained. 

As  a  result  of  the  work  this  season,  the  following  directions  have 
been  issued  for  the  guidance  of  the  field  parties : 

MRKCnONS  FOR  MAPPING  AUCALI  SOILS  IN  THE  FIELD. 

The  eonkmr  interrals  for  the  nlkaH  tnafrs  st«  to  represent,  M&pect\r^y,  0.20,  OAt^, 
^60, 1,  an^  8  per  eeat  of  salt  In  ibe  dry  fldil.  The  maps  are  to  be  conetracted  in  tbe 
^  dhecUy  from  tbe  rMfatsifcee.  Tbe  work  is  to  be  standardize  hi  each  district 
a  the  following  way : 

Ttkeeigbtor  ten  emsts,  inclnding  the  top  inch  of  soil;  or,  if  crusts  can  not  be 
oVUined,  take  tbe  strongest  alkali  soils  from  different  places  over  the  whole  area, 
fitt  t  krge  eap  or  tmibler  about  one^tfaird  full  with  a  cmsl  or  soil,  nshig  more  or 
liit  sesOTding  to  the  riefaness  of  the  maiteHal,  and  nearly  ilU  the  tumbler  with 
MtDei  water.  8tir  Tigoronsly  aad  a^low  it  to  eabside  for  a  ^ort  time.  Treat  tbe 
^ht  sr  ten  cmsts  or  soils  ia  the  same  way.  Determine  tbe  electrical  resistance  of 
^«  101011008  in  the  cell.  Take  an  amonnt  of  the  strongest  solution  eqaiTaleni 
tott  least  200  ce.  baring  a  reaistaftce  of  5  obms,  and  add  to  H  a  volume  of  eaob  of 
^  otheis  proportional  to  Ibe  resistances  determined.  This  mixture,  containing 
^Ptoxtwttely  eqoal  qnantltlea  of  salt  from  the  eight  or  ten  localities  selected,  is 
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evaporated  to  dryness  on  a  common  range  in  a  graniteware  saucepan.  Before  ttj 
salts  begin  to  crystallize  out  and  when  the  clay  and  organic  matter  are  well  floeoH 
lated,  filter  and  evaporate  the  clear  filtrate,  stirring  at  the  last  to  preveiit  caki^ 
Gently  heat  the  residue  to  drive  off  the  water  of  crystallization  of  the  sodinm  sol 
phate  and  sodium  carbonate.  If  the  original  solution  can  not  be  filtered  clear  all 
any  time  before  the  salts  begin  to  crystallize  out,  a  second  evaporation  may  hi 
necessary. 

A  10  per  cent  solution  should  be  made  of  this  salt  in  distilled  water.  The  ale* 
trical  resistance  of  this  10  per  cent  solution  in  any  cell,  divided  by  0.24,  will  equal 
the  resistance  of  a  saturated  sand  or  sandy  loam  soil  in  the  same  cell  when  eo^ 
pletely  saturated  and  at  a  temperature  of  60^  F.,  when  the  soil  contains  3  per  cent  ^ 
salt.  This  solution  is  then  to  be  diluted  and  the  resistance  determined  at  varioai 
concentrations,  corresponding  to  the  limiting  valaes  of  the  soil  map  for  four  grmdei 
of  soil.  The  table  for  temi>erature  reduction  have  been  published  in  Bulletin  No.fl 
of  the  Division  of  Soils. 

The  dilutions  are  as  follows,  the  figures  representing  cubic  centimeters  of  tbe  H 
per  cent  solution  to  be  diluted  and  made  up  to  100  cubic  centimeters: 

To  obtain  limiting  valuM, 


Yolame  of  10  per  cent  nolution  in  100  oo. 

8slt  in  toil. 

B.  and  sec. 

BC. 

ace. 

0.  and  he. 

Per  cent. 

ec. 

ec. 

ce. 

ce. 

3,00 

100.0 

79.5 

71.4 

66.6 

1.00 

33.3 

26.5 

23.8 

22.2 

.60 

20.0 

15.9 

14.3 

13.3 

.40 

12.0 

10.6 

9.5 

6.9 

.20 

6.0 

5.3 

4.6 
.29 

4.4 

.30 

Resiataoces  to  be  re- 
daoedtoOOOF.and 
divided  by               .  24 

.276 

The  result  will  give  the  cell  resistance  at  60^  F.  corresponding  to  the  limiting 
valaes,  to  be  inserted  in  a  suitable  table. 

To  correct  for  any  lime  sulphate  which  does  not  redissolve,  take  the  resistance  of 
the  solution  before  evaporating.  Then  evaporate  in  a  separate  dish  a  measured 
portion,  such  as  100  cc,  heat  the  residue  to  char  tbe  organic  matter,  dissolve,  malre 
up  to  the  same  volume  as  before,  and  take  the  resistance.  Any  difference  in  resist- 
ance will  be  considered  due  to  salts  having  gone  out  of  solution,  and  all  resiatancei 
used  in  the  limiting  values  are  to  be  decreased  by  the  proportional  increase  in  resiat- 
ance  so  found  before  being  entered  in  the  table.  Or  the  weight  of  salt  for  the  10  per 
cent  solution  may  be  increased  in  proportion  to  the  differences  in  resistance. 

DIRECTIONS  FOR  ESTIMATING  SODIUM  CARBONATE  AND  CHL0RID8  IN  SOILS. 

Take  a  known  volume  (or  weight)  of  saturated  soil,  wash  into  a  250  oc.  flask,  aiwi 

fill  to  the  mark  with  distilled  water.    Take  60  cc.  of  the  solution  (a  slight  tnrbiditj 

will  not  matter)  and  titrate  with  N/10  acid  potassium  sulphate,  using  phenolphtbi- 

lein  as  an  indicator.    Then  add  a  few  drops  of  potassium  chromate  as  an  indicator 

to  the  same  solution  and  titrate  with  N/10  silver  nitrate. 

One  cc.  N/10  NajCOs  =  .005266  grams  Ni^COj. 
One  cc.  N/10  NaCl      =  .005806  grams  NaCl. 

Construct  the  sodinm  carbonate  map  in  the  field  from  the  volume  of  solution  vmA. 

Limiting  values  will  be  O.S,  0.2, 0.1,  and  0.05  per  cent  of  dry  soil.    The  limiting  valoas 
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br  eaeh  dish  are  found  in  the  following  way :  Mnltiply  the  volanie  of  saturated  soil, 
spiesented  by  the  solution  taken  for  titration,  by  the  n ambers  in  the  following 
able: 


X»,CO,ini»oi1. 

8.  and  Mc. 

■c. 

BOO. 

Percent. 

.30 

.832 

.752 

.720 

.30 

.454 

.502 

.480 

.10 

.2n 

.251 

.240 

.05 

.138 

.125 

.120 

0.  and  he. 


.450 
.230 
.115 


The  results  so  obtained  are  the  onbio  centimeters  of  N/10  solntion  of  sodium  car- 
looafce  corresponding  to  the  limiting  yalues,  to  be  inserted  in  a  suitable  table. 

If  it  is  desired  to  reduce  the  volume  of  N/10  AgNOj  to  per  cent  of  NaCl  in  dry 
loil.  the  following  formula  may  be  used : 

VX. 005806 
V'K 

^= cc.  N/10  AgNOs  solution  used ;  V = volume  saturated  soil  represented  in  amount 
if  solution  titrated;  K= constant  for  type  of  soil,  as  follows : 

i.tnd  ISC.  (sand  and  sandy  loam)  =1.16;  sc.  (loam) =1.32;  sco.  (clay  loam)  =1.26; 

c.  and  ho.  (clay  and  heavy  clay) =1.21. 

If  the  resistaDces  are  close  to  the  limits,  a  temperatare  redaction 
sboald  be  made  in  the  field  and  a  decision  reached  there  as  to  which 
elass  the  soil  shoald  be  assigned.  This  greatly  simplifies  the  work, 
lessens  the  calcnlations,  and  insures  greater  accuracy,  because  with  the 
soil  areas  in  view  and  with  the  general  topography  of  the  country  the 
boundaries  of  these  limiting  values  can  be  more  accurately  drawn  than 
if  the  work  were  subsequently  done  in  the  laboratory  from  the  field  notes. 

In  like  manner,  the  sodium  carbonate  map  can  be  constructed  in  the 
fleld  from  the  amount  of  standard  solution  of  acid  potassium  sulphate 
required  to  neutralize  the  alkali  in  a  given  volume  of  saturated  soil. 

In  the  work  so  far  undertaken  Hilgard's  value  of  0.1  of  1  per  cent  of 
flodium  carbonate  has  been  taken  as  the  limiting  value  for  crops.  The 
mimmum  value  for  the  danger  line  is  taken  arbitrarily  as  0.05  of  1  per 
eent  The  amount  of  acid  potassium  sulphate  required  to  neutralize  a 
soil  containing  0.1  of  1  per  cent  of  sodium  carbonate  can  easily  be 
determined  for  any  given  volume  of  saturated  soil  and  the  survey  can 
then  proceed  n^n  this  basis  in  the  classification  of  the  black  alkali 
conditions.  No  calculations  are  therefore  required,  except  the  ordinary 
standardization  of  the  solutions  and  the  determining  of  the  volume 
of  the  measuring  dish  and  the  amount  of  dry  soil  which  it  contains. 
When  these  are  once  accurately  determined,  the  work  can  proceed  quite 
rapidly. 

The  construction  of  the  water  map  is,  of  course,  the  simplest  of  all. 
Data  are  secured  of  the  depths  of  all  surface  wells  and  wherever  water 
is  encountered  in  boring  for  samples.  From  the  data  thus  secured  the 
Ai^M  are  traced  upon  the  base  map. 
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By  THOS.   H.   MEANS   AND    PRANK   D.   GARDNER. 


INTRODUCTION.  I 

The  southeastern  part  of  the  Territory  of  New  Mexico  comprised 
three  distinct  topographic  features.    The  mountains  of  central  Nei^ 
Mexico,  including  the  Guadalupes,  White,  and  Sacramento  moantaiDSi 
with  the  Santa  Fe  Range,  mark  the  western  boundary  of  the  great 
series  of  plains  extending  westward  from  the  mountains  of  Arkansa& 
On  the  eastern  boundary  of  the  Territory  of  New  Mexico  the  Great 
Staked  Plains  are  the  most  important  feature.    These  phiins  form  an 
elevated  plateau  with  a  uniform  slope  to  the  east.    The  western  escarp- 
ment of  the  plateau  forms  the  eastern  limit  of  the  Pecos  Yalley.    The 
Staked  Plains  once,  without  donbt,  extended  to  the  foot  of  the  moun- 
tains, with  their  western  boundary  somewhere  near  the  present  foot- 
hills which  bound  the  east  slope  of  the  mountains,  but  the  gradual 
uplifting  of  the  western  edge  of  the  plain,  together  with  excessive  ero- 
sion along  the  base  of  the  mountain,  formed  what  is  now  known  as  the 
Pecos  Yalley.    The  present  topography  of  the  land  is  the  result  of  the 
erosion  and  sedimentation  of  the  stream  in  this  valley — the  Peeos 
River.    At  some  period  in  its  history,  a  time  perhaps  corresponding 
with  the  glacial  period  of  the  North,  the  Pecos  carried  much  more  water 
than  at  present,  and  during  this  time  dams  formed  along  the  river 
either  of  hard  ledges  of  rock  or,  by  the  filling  up  of  narrow  gorges  with 
drifting  material,  caused  the  water  to  back  up  into  shallow  basins 
extending  over  great  areas  of  country.    In  these  basins  or  inland 
lakes  the  waters  descending  fh>m  the  mountains  deposited  large  quan- 
tities of  sediment.    The  most  pronounced  basin  of  this  type  has  been 
recognized  and  named  the  Tayah  Basin.    This  basin  lies  on  the  lower 
Pecos,  with  its  northern  extremity  near  the  Texas-New  Mexico  line, 
and  extends  for  an  undetermined  distance  to  the  southward. 

Betweeu  the  Delaware  and  the  Black  rivers,  in  a  stretch  of  broken 
country,  a  second  dam  probably  existed,  and  this  obstruction  backed 
the  water  up  to  some  distance  beyond  Carlsbad.  The  sediments  enter- 
ing this  basin  were  largely  from  calcareous  rocks  of  the  Ouadalupe 
Mountain,  and  the  soil  formed  from  these  sediments,  weathering  under 
the  arid  eonditions  of  New  Mexico,  carries  large  quantities  of  carbon- 
ate of  lime. 
86 
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Between  Carlsbad  and  Seven  Kivers  the  Pecos  flows  thron^^h  rongh 
iiDtry  along  the  foothills  of  the  Ooadalape  Monutaius,  and  in  this 
^on  of  the  river  another  obstruction  once  existed.  The  lake  formed 
this  dam  extended  as  far  north  as  Boswell  and  an  undetermined 
(tance  westward  from  the  Pecos.  In  this  basin  were  deposited  the 
liments  which  form  the  soils  of  the  Boswell  and  Hagerman  farming 
itrict. 

rhere  arc  many  minor  basins  and  features  of  the  Pecos  River  which 
re  not  studied,  since  their  bearing  upou  the  subject  in  hand  is  only 
secondary  interest. 

The  rocks  oat  of  which  the  valley  was  cut  vary  in  age  from  the  car- 
niferous  of  the  Guadalupes  through  the  Permian  Bed  beds  of  the 
iper  Pecos,  above  Boswell,  to  the  Jura-Trias  and  cretaceous  sedi- 
ttits  of  the  Staked  Plains. 

The  carboniferous  rocks  are  composed  almost  entirely  of  magnesian 
nestoue,  with  beds  of  shaly  limestone  and  thin  sandstone.  Such 
eks  form  x>oor  soils  under  the  arid  conditions  existing,  since  they 
tataiu  large  quantities  of  lime  without  much  potash  or  phosphoric 
sid. 

The  Bed  beds  consist  of  red  sands  and  shales,  with  heavy  beds  of 
lassive  gypsum.  Oypsum  crystals  are  common  throughout  the  forma- 
on,  and  indicate  formation  from  inclosed  basins  of  sea  water. 
The  Pecos  Bi ver  drains  nearly  the  whole  of  the  southeastern  third  of 
lie  Territory  of  New  Mexico.  Bising  ou  the  east  side  of  the  Santa  Fe 
»ange,  the  stream  flows  as  a  typical  mountain  stream  through  the 
Dcks  of  the  mountains;  then  entering  the  horizontal  rocks  of  the  mesa 
iHuitry  the  stream  assumes  a  meandering  course  broken  at  intervals 
7  gorges  and  canyons.  The  general  character  of  the  Pecos  below  Bos- 
rell  is  a  series  of  basins  filled  with  lake  sediments  and  separated  by 
OQgh  country  and  hard  rocks,  through  which  the  Pecos  Biver  is  at 
tresent  cutting. 

The  main  tributaries  of  the  Pecos  all  come  from  the  western  side,  and 
liey,  too,  are  mountain  streams,  rising  in  the  White,  Sacramentx),  and 
Guadalupe  mountains.  The  upper  branches  of  these  streams  flow 
^dghout  the  year,  but  as  soon  as  the  level  mesa  country  is  reached 
most  of  the  streams  sink  into  their  beds.  During  times  of  high  water 
Ike  streams  flow  throughout  their  entire  courses.  The  water  which 
Binks  along  the  upper  stream  courses  follows  under  ground  the  general 
course  of  the  rivers  and  appears  along  the  basins  near  the  Pecos  in  the 
form  of  springs.  During  its  course  through  the  ground  the  water  dis- 
solves small  quantities  of  soluble  matter  and  most  of  the  springs  contain 
the  common  alkali  salts. 

Above  Boswell  the  main  Pecos  has  few  tributaries  of  any  size.  From 
^en  south  small  quantities  of  water  flow  in  its  channel  throughout 
^e  year,  though  as  &r  south  as  Boswell  the  flow  sometimes  is  hardly 
"M»e  than  50  cubic  feet  per  second. 
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AtBoswell  there  are  several  permaneut  sources  of  supply  which 
an  estimated  quantity  of  about  200  cubic  feet  per  second.  The 
dos,  a  series  of  large  springs,  rise  from  the  edge  of  the  large 
plaius  which  extend  for  a  distance  up  the  Pecos  Valley.  The  ws 
irom  these  springs  has  its  origin  in  the  crevices  and  under{ 
channels  of  these  gypsum  plains,  which  form  part  of  the  Bed  Beds, 
no  doubt  comes  from  the  upper  Pecos,  the  streams  entering  from  th| 
west  across  this  gypsum  plain.  All  of  the  waters  coming  from  gypsuil 
areas  contain  more  soluble  matter  than  do  waters  from  the  limestoai 
strata  of  the  underground  river  basins.  This  can  be  accounted  for  upo^ 
the  assumption  that  the  gypsum  had  its  origin  in  inclosed  basins  d 
sea  water,  which  always  contains  calcium  sulphate  in  solution,  oonoesi 
trating  through  evaporation.  Owing  to  the  small  solubility  of  the 
gypsum,  this  is  the  first  salt  crystallized  out,  and  even  though  ti4| 
water  does  not  coniicntrate  so  far  as  to  precipitate  a  large  proportioa 
of  the  sodium  chlorid  and  the  other  more  soluble  salts,  yet  it  include! 
small  quantities  of  these  salts. 

There  are  three  sources  or  springs  from  these  gypsum  plains,  all  of 
which  unite  into  one  stream  flowing  approximately  50  cubic  feet  per 
second. 

The  North  aud  South  Spring  rivers  rise  from  the  underflow  of  the 
Hondo  Basin,  and  the  same  basin  furnishes  the  artesian  water  of  Boft* 
well.  The  springs  rise  in  ponds  from  a  number  of  small  sources,  aod 
these  small  sources  no  doubt  come  from  different  depths,  as  their  difTer- 
euee  in  temperature  and  chemical  composition  correspond  very  nearly 
with  the  temperature  and  composition  of  a  number  of  wells  of  difiereot 
depths  around  BoswelL  The  water  is  found  in  the  lower  layers  of  the 
cone  of  Hondo  alluvium,  which  was  formed  as  the  flood  waters  over- 
flowed into  the  basin  of  the  Pecos.  The  water,  coming  as  it  does  from 
the  Hondo  River,  enters  the  Pecos  at  Roswell.  In  the  upper  parts  of 
the  river  irrigation  water  in  sufticient  quantity  to  irrigate  a  few  small 
farms  is  found,  but  after  passing  the  Capitan  Mountains  east  of  Liu* 
coin  the  river  rapidly  loses  its  water,  and  before  Roswell  is  reached  the 
river  bed  is  dry  during  part  of  the  year. 

The  artesian  water  at  Roswell  corresponds  in  composition  nearly  with 
the  water  of  the  Spring  rivers.  The  temperature  of  the  spring  aud 
artesian  water  is  high — from  68^  to  72^  F.  The  water  in  the  artesiau 
wells  rises  to  about  the  height  of  the  springs,  and  since  the  level  of 
the  springs  is  below  the  level  of  the  plain  around  Roswell,  the  use  of 
artesian  water  for  the  irrigation  of  these  plains  is  not  possible. 

Below  Roswell  is  a  series  of  draws  emptying  into  the  Pecos  River. 
These  draws  are  generally  dry,  but  in  their  lower  part  below  theKorth- 
ern  Ganal  small  springs  of  ever-flowing  water  are  found.  Most  of  this 
water  can  be  accounted  for  as  coming  from  the  Korthem  Oanal  bjr 
seepage. 

The  Felix  River  enters  the  Pecos  a  few  miles  north  of  Hagerman  and, 
though  dry  during  part  of  the  year,  it  has  a  few  permaneut  spriugv 
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mt  its  moath.     The  Penasoo  and  Gottouwood  are  also  streams  of  this 

Fpe. 

At  Seven  Bivers  an  artesian  basin,  similar  to  tlie  Boswell  artesian 
isiuy  is  found.  At  this  place  there  is  a  settlement  which  uses  the 
ttters  of  the  springs  and  the  Seven  Rivers  for  irrigation. 

At  Seven  Bivers  the  valley  of  the  Pecos  closes  in  and  the  country  is 
lore  broken  until  Carlsbad  is  reached.  Here  the  Pecos  runs  close  to 
he  foothills  of  the  Guadalupe  Mountains.  The  principal  streams 
baining  the  Guadalupe  slopes  from  the  east  are  Dark  Canyon,  Black 
fiver,  and  Delaware  Biver.  Both  of  the  two  latter  run  water  through- 
m%  the  year,  though  the  flow  becomes  as  low  as  10  cubic  feet  per 
neond  during^  part  of  the  season. 

The  PeooB  enters  the  basin  of  the  ancient  lake  Toyah  about  the  New 
pteziGO-TexaB  line,  and  flows  through  this  basin  to  a  distance  of  perhaps 
EO  miles  beyond  Barstow  and  Pecos  City.  Below  this  point  the  river 
is  of  no  interest  agriculturally. 


THE   CLIMATE   OF  THE  PECOS  VAL.L.ET. 

The  climate  of  the  Pecos  Valley  is  arid — that  is  to  say,  the  rainfall  is 
insufficient  to  furnish  enough  water  for  the  growth  of  crops  over  the 
«iitiie  valley.  The  drainage  and  surface  water,  however,  is  suflicient 
to  irrigate  a  certain  i)ercentage  of  the  land.  The  amount  of  land  which 
tan  be  irrigated  stands  in  a  direct  relation  to  the  rainfall  and  run  ofl', 
provided  the  water  is  stored.  The  average  monthly  and  yearly  rain- 
bll  for  the  four  years — 1895  to  1898,  inclusive — is  shown  in  the  accom- 
panying table  as  compiled  from  the  Weather  Bureau  records: 

BatMfall  at  giaHont  in  Peoot  Valley. 


Moantain  Rtations. 

Vi^ 

Momtb. 

EMt  Lm 
Vegaa. 

GaliDA 
Slangs. 

Fort 
Stanton. 

Lower 
Pefiaaoo. 

Paerta  de 
Luna. 

Jflnnsiy. 

Mireh..: ::;:.:: 

Inehet. 

0.60 

.77 

.78 

.82 

2.06 

1.09 

4.18 

8.43 

L«2 

1.03 

.87 

.68 

0.4^ 

.51 

.48 

.61 

2.54 

1.10 

6.14 

2.43 

1.18 

1.31 

.43 

.70 

Inches. 

0.70 

.80 

1.10 

.70 

1.00 

1.00 

8.10 

4.00 

2.30 

1.50 

.80 

1.10 

Inches. 

0.03 

.22 

.06 

.72 

.52 

2.13 

6.00 

3.11 

1.61 

2.24 

.10 

.86 

IneheM. 

0.03 

.08 

.40 

Awil 

.32 

Miy ::         i"  : 

1.36 

jii : :: 

1.58 

Jaly 

8.51 

Aanst 

3.06 

5fiw«ibw. 

1.07 

October 

1.24 

Jwrenber ■.... 

.45 

Deeember 

1.00 

Tear 

20.05 

16.05 

10.00 

18.48 

15.12 

Valley  Btations. 


Rob  well. 


CarUbad. 


Inches. 

0.60 

.52 

.35 

1.06 

1.22 

3.02 

3.83 

1.91 

1.05 

1.88 

.34 

.52 


16.30 


Inches. 

0.84 

.28 

.22 

.31 

1.22 

2.32 

2.59 

2.35 

1.00 

1.05 

.21 

.64 

12.64 


'Hie  stations  given  represent  both  the  mountain  and  valley  country. 
East  Lag  Vegas,  Galina  Springs,  Fort  Stanton,  and  Lower  Penasco,  are 
sU  in  the  mountains  or  foothills,  while  Puerta  de  Luna,  Eoswell,  and 
Carlsbad  are  in  the  valley  proper.  The  record  at  Fort  Stanton  is 
Ui  average  of  seventeen  years,  ended  1891.  The  other  records  are  for 
four  years  only.    The  greater  part  of  the  rain  falls  during  the  summer 
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DMiiths,  ftpom  May  to  October,  inelasiTe,  in  the  form  of  hea^y  sho 
local  and  of  short  duration.  Falling,  as  it  does,  in  torrents  apon 
swAiee,  lari^e  quantities  of  the  water  flow  over  the  ground  and 
floods  are  eommon  in  the  streams.  The  lost  rirers  entering  the  P< 
from  the  west  all  have  large  bowlders  in  their  beds,  indioatini 
torrents  a^  some  time  during  the  year.  Streams  like  the  Dark 
at  Oarlsbad  and  the  Felix  south  of  Boswell,  which  are  dry  dtiriiifr 
greater  part  of  the  year,  have  been  known  to  suddenly  Ull  thab 
nels  to  ovei4owing  with  turbulent  water  from  the  heavy  rans 
ibailiills  and  mountains.  Streams  of  this  character  are  the  »ost 
cult  to  manage,  and  when  their  control  i.s  attempted  the  works 
be  of  such  a  cheap  nature  as  to  allow  replacement  every  fcw  yean, 
so  substantial  Mid  so  well  protected  by  waste  ways  that  their  deatraaj 
tioo  is  impossible.  The  first  dam  constructed.  6  miles  above  Oarisba^| 
was  ceoMdered  well  protected  with  waste  gates,  but  a  heavy  fios^ 
from  the  upper  Pecos  filled  the  dam  so  rapidly  that  water  overfloweii 
ite  crest  and  cut  its  way  through  the  dam  in  a  few  minutes.  A  disaator 
of  similar  nature  in  Lake  Macmillan  was  only  prevented  by  cutting  tie. 
dik^i  whJDh  runs  west  from  the  dam. 

The  temperature  of  southern  New  Mexico  is  uniformly  higk  ia  tii 
valley,  wit^  very  low  relative  humiditiy.  The  evaporation  from  awato 
Bwrbtte  is  great.  It  has  been  estimated  at  10  feet  annually,  ttoagl 
no  complete  years'  reeordn  have  been  kept.  During  the  spriag  of  LHI 
the  evaporation  from  Lake  Macmillan  was  measured  as  high  as  if 
iaahes  per  week.  This  represents  probably  a  maximum  evaporatM 
for  that  locality.  The  mild  character  of  the  winters,  the  madente 
elevation  of  the  valley',  and  the  dryness  of  the  atmosphere  all  tend  to 
render  the  climate  beneficial  to  persons  suffering  with  pulmonary  diseastt 

HISTORY  OF  IBBIGATION  IN   THE  PECOS  yALL.£Y. 

Twenty  years  ago  farming  in  the  Pecos  Valley  was  confined  to  a  fern 
small  farms  under  irrigation.  Long  subject  to  raids  fr^im  hostile 
Indian  tribes,  agriculture  was  confined  to  stock  raising.  The  ML 
white  men  to  enter  the  valley  were  cattlemen,  who  did  all  in  their 
power  to  disex)nrage  general  farming,  and  as  late  as  1889  irrigation  wtB 
found  only  on  a  few  small  places  where  ditohes  had  been  taken  oat  of 
the  streams.  At  Boswell  the  permanent  water  of  the  Spring  riven 
and  the  ease  with  which  it  could  be  put  on  the  land,  encouraged  the 
most  extensive  farming.  Private  ditohes  were  run  from  the  North  and 
Sonth  Spring  rivers,  and  the  extension  of  these  same  ditohes  forms  tlia 
irrigation  system  of  Boswell  today.  In  the  lower  valley  irrigation  was 
confined  to  two  farms  in  the  Pecos  Valley. 

In  1889,  encouraged  by  the  success  of  irrigation  in  Arizona  and 
southern  California,  a  large  company  was  formed  to  develop  the  Teoos 
Valley,  and  the  present  systems  of  irrigation  are  in  a  great  measure 
the  result  of  the  investmento  made  by  this  company.    The  plans  of  tbe 
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mpany  contemplated  installiug  au  enormous  irrigatiou  system,  bead- 
le in  the  canyon  above  Carlsbad.  The  canal  was  mapped  to  extend 
ilkr  south  as  the  New  Mexico-Texas  line.  In  Texas  a  second  system 
IS  to  irrigate  large  tracts  of  land  around  Pecos  City  and  Barstow. 
lese  plans  contemplated  the  simple  diversion  of  the  Pecos,  for,  accord- 
g  to  the  statement  of  competent  engineers,  as  published  in  the  com- 
my's  pamphlets,  the  flow  of  the  Pecos  is  1,000  cubic  feet  per  second 
;it8  lowest  stage.  The  Pecos,  as  a  matter  of  fact,  flows  as  low  as  100 
ibic  feet,  at  low  stage,  a  few  miles  above  Carlsbad.  The  construction 
'the  large  storage  reservoirs  easily  overcame  this  error  on  the  part 
'the  consalting  engineer,  but  at  the  same  time  it  introduced  a  diffi- 
dty  io  the  use  of  the  water  which  is  very  nearly  insurmountable— 
lat  is,  the  concentration  of  the  waters  through  evaporation. 
Upon  the  establishment  of  the  irrigation  plant  at  Carlsbad  settlers 
ere  brought  in  from  Enrope.  Most  of  these  people  were  ignorant 
f  American  agricultural  practices,  and  particularly  ignorant  of 
gricultiire  under  irrigation.  The  officers  of  the  irrigation  company 
fctempted  to  fbUow  blindly  the  practices  of  other  irrigation  districts. 
Lttempts  were  made  to  introduce  plants,  trees,  and  shrubs  from  south- 
ni  Europe.  Large  amounts  of  money  were  spent  ui)on  theoretical 
Aemes,  misleading  statements  were  made  about  the  wonderful  pro- 
iiictiyeness  of  the  soil,  and  the  credulous  immigrant  invested  all  his 
r«alt^  at  the  suggestion  of  the  promoters.  Misled,  living  in  a  land  so 
IMbrent  from  their  native  country,  many  of  the  attempts  of  the  settlers 
waited  in  fiulure.  There  can  be  no  question  but  that  many  of  these 
•riy  failures  were  due  to  ignorance  on  the  part  of  the  farmer,  and  also 
rere  due  to  the  attempt  to  grow  on  a  large  scale  plants  entirely 
msoited  to  the  climate  or  soil.  Extensive  farming,  that  is  to  say 
hrming  on  a  large  scale,  has  also  been  the  cause  of  many  failures. 
Irrigation  farming  to  be  successfhl  must  first  be  intensive,  then  exten- 
Ave,  Ignorance  of  the  true  conditions  existing  in  soil  and  water  and 
the  attempt  of  the  original  promoters  to  conceal  the  true  state  of 
Aura  from  the  settlers  have  also  been  the  source  of  much  failure.  Since 
die  fermers  have  begun  to  realize  that  gra|)es,  fmits,  grains,  and  truck 
srops  were  not  the  kind  of  crops  which  gave  encouraging  results  at  the 
*t^  a  gradual  change  in  the  agricultural  practices  has  taken  place. 
^UUfii  and  cattle  or  sheep  raising  are  at  present  the  industries  of  the 
^slley,  and  with  such  change  a  much  more  healthy  state  of  affairs  has 
(prnng  up.  In  the  Carlsbad  district,  and  to  a  lesser  extent  throughout 
the  valiey,  sugar  beets  form  a  money  crop  at  the  present  time. 

Ihe  Boswell  area  is  the  result  of  a  gradual  development  by  ]>rivate 
'^^urees,  and  the  growth  has  been  slower  and  more  substantial.  The 
^l»iiy  bought  up  the  greater  part  of  the  land,  with  the  water  rights, 
lu  order  to  obtain  control  of  the  surplus  water  from  the  Spring  rivers 
•^d  the  Berendos  for  use  in  the  Northern  Canal.  The  Northern  Canal 
^fts  oonstmcted  as  a  part  of  the  general  scheme  for  the  valley,  but  it 
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has  never  been  used  as  far  as  origiually  mapped.    Under  the  caua 
now  owned  by  the  irrigation  companies  a  water  right  is  sold  witli 
laud,  but  a  yearly   water  rent  of  (1.25  per  acre  is  charged^ 
rental  supposes  the  use  of  2^  acre-feet  of  water  -per  acre.    Uuder 
private  canals  and  the  land  recently  sold  by  the  lioswell  Land 
Water  Company  iu  the  Roswell  area,  an  interest  in  the  ditch  is  d^ 
with  the  land,  the  irrigator  yearly  contributing  his  Hhare  toward 
support  of  the  ditch. 

THE   IBBIGATION   SYSTEMS  OF  THE    PBOOS  VAIXBT.  ; 

Excluding  the  small  private  irrigation  ditches,  which  are  fooni 
along  the  head  waters  of  all  of  the  tributaries  of  the  Pecos  Bivet^ 
there  are  four  great  systems  of  irrigation  in  the  valley. 

The  fioswell  irrigation  system  derives  its  water  from  the  North  anil 
South  Spring  rivers,  and  the  North,  Middle,  and  South  Berendoi^ 
From  each  of  these  sources  a  number  of  small  ditches  are  taken  onA 
which  supply  the  farms  of  the  district.  These  canals  were  originally 
constructed  by  private  enterprise,  but  were  later  bought  up  by  the 
irrigation  companies  and  their  surplus  water  torned  into  the  Northeni 
Canal  for  use  at  Hagerman. 

The  Northern  Oanal  system  receives  the  unused,  waste,  and  drainage 
water  from  the  Boswell  district,  together  with  water  from  the  Hondo 
when  that  stream  is  flowing.  The  Northern  Canal  flows  from  90  to  125 
cubic  feet  of  water  per  second.  The  canal  starts  at  a  dam  iu  the  Hondo 
directly  east  from  Eoswell.  This  diverting  dam  collects  the  various 
waters  of  the  Berendos,  North  Spring  Elver,  and  the  Hondo  River,  and 
where  the  canal  crosses  South  Spring  Bi  ver  a  second  dam  is  constructed, 
which  diverts  the  water  of  the  South  Spring  Biver.  For  a  distance  of 
nearly  20  miles  below  South  Spring  Biver  no  water  is  taken  out  from 
the  canal.  On  both  sides  of  the  Felix,  level  farming  land  is  watered 
from  the  Northern  Canal.  The  canal  extends  to  a  distance  of  about  5 
miles  beyond  the  Felix  Biver. 

The  Southern  Canal  system  derives  its  water  from  the  Peoos  Biver 
by  storage.  Two  large  reservoirs  have  been  constructed — one  at  Seven 
Bivers,  being  8  miles  long  and  an  average  of  1|  miles  wide,  while  the 
second,  a  much  smaller  reservoir,  is  situated  6  miles  above  Oarlsbad. 
From  the  lower  reservoir  the  water  is  turned  into  a  canal  70  feet  wide 
at  the  top.  Four  miles  below  the  dam  the  canal  divides,  the  maiu  branch 
crossing  the  Pecos  by  a  terreplein  and  flume  and  the  smaller  branch 
following  around  the  east  side  of  the  river.  The  eastern  branch  at  pres- 
ent stops  at  a  point  opposite  Carlsbad,  though  the  canal  was  planned  to 
run  about  18  miles  below  Carlsbad  and  discharge  into  an  alkali  lake 
(Lake  Surprise).  The  western  branch  or  Southern  Canal  proper  car- 
ries from  200  to  225  cubic  feet  of  water  per  second.  The  canal  is  35  feet 
wide  at  the  top  and  has  a  fall  of  1^  feet  in  5,000.  Over  a  great  part  of 
its  course  only  the  lower  side  is  banked,  and  the  water  extends  back 
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Ito  draws  fonaing  smaller  lakes  with  a  considerable  storage  capacity, 
^gh  the  loss  by  seepage  and  evaporatiou  from  these  lakes  is  con- 
Iderable  aud  overbalances  the  advantage  of  storage.  The  water  is 
iken  oat  from  the  main  canal  through  a  system  of  head  gates  situated 
i  convenient  points.  These  main  laterals  are  in  turn  divided  into  lat- 
itats and  Bublaterals.  The  entire  control  of  the  gates  is  in  charge  of 
be  ^^  ditch  riders,"  who  open  and  close  the  gates  as  the  water  is  desired* 
"he  water  right  is  sold  with  the  land,  though  a  yearly  rental  of  (1.25 
er  acre  is  charged.  This  is  the  basis  of  2^  acre-feet  of  water.  A  record 
I  kept  of  the  amount  of  water  used  by  each  irrigator  and  a  proportional 
barge  is  made  for  all  water  used  in  excess  of  this  quantity. 

Some  trouble  has  been  anticipated  from  the  filling  of  reservoirs  by 
Ut.  Ko  records  are  at  hand  to  determine  the  amount  which  has  been 
deposited  during  the  time  the  reservoirs  have  been  used;  but  large 
[oantities  of  mud  have  been  and  at  every  flood  are  being  deposited. 
Hhe  water  of  the  Pecos  at  flood  carries  from  5  to  10  x>er  cent  by  volume 
f  silt,  the  greater  part  of  which  is  deposited  while  standing  in  the 
eservoirs.  This  engineering  feature  of  the  problem  of  water  storage 
equires  very  careful  consideration  before  more  large  storage  reservoirs 
koilt  on  these  mud-ladened  flood  streams. 

At  the  town  of  Carlsbad  a  substantial  masonry  dam  has  been  con- 
(tnicted,  which  furnishes  sufficient  power  for  the  electric  lights  of  the 
town,  and  also  pumps  water  to  a  masonry  reservoir  upon  the  hill  east  of 

About  13  miles  below  Oarlsbad  the  Hagerman  Oanal  takes  water 
from  a  small  diverting  dam  across  the  Pecos.  This  small  canal  was 
l&Qned  originally  to  supply  water  to  a  farm  on  the  east  bank  of  the 
Pecos  Biver  in  the  basin  of  the  old  Lake  Surprise.  The  canal  was 
ifterwards  extended  nearly  10  miles,  in  one  place  widening  out  into  a 
lake  1}  miles  long  and  one-half  mile  wide,  with  an  average  depth  of  30 
ieet  This  lake  was  formed  by  a  short  dam,  the  canal  being  taken  out 
at  one  end  of  the  dam.  This  canal  and  lake  have  been  abandoned  for 
Beyeral  years  and  the  canal  is  used  only  as  far  as  the  Hagerman  fiEU*m,  a 
iistance  of  perhaps  2  miles  from  the  dam.  The  canal  runs  through 
Band  dunes  nearly  all  of  its  course  and  great  difficulty  is  experienced 
in  keeping  it  clear  of  drifting  sand. 

The  Barstow  and  Pecos  City  system  was  originally  planned  to  cover 
great  tracts  of  the  level  land  of  theToyah  Lake  basin.  All  of  the  irri- 
gation on  the  west  side  of  the  river  has  been  abandoned  and  the  pres- 
ent system  waters  the  east  side  around  Barstow.  The  water  is  diverted 
from  the  Pecos  without  storage,  taken  out  on  the  west  side,  flumed 
across  to  the  east  side,  and  distributed. 

THE  BOSWELL  DISTRICT. 

Turn  Geolooy  of  thr  Roswsll  Arsa. 

The  Boswell  area,  lying  as  it  does  upon  the  junction  of  the  Pecos  and 
Hondo  rivers,  consists  of  more  or  less  perfect  terraces  cut  by  these 
streams  in  the  basin  8ediment49  which  once  filled  the  valleys  of  the 
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streams.  Rock  is  not  exposed,  except  in  a  few  areas  on  tUe  bloA  bor- 
dering North  Spring  River  on  the  north.  Here  the  gypsum  of  thi 
plains  to  the  north  is  exposed  and  in  all  of  the  soils  of  the  Boswd^ 
sheet  gypsnm  is  found  in  some  quantity,  in  places  forming  a  pmi 
gypsum  subsoil,  but  of  such  a  local  nature  and  in  such  small  areas  tJiil 
these  points  were  not  mapped.  Grossing  the  North  Spring  River  aa^ 
Hondo  bottoms  the  land  ascends  to  the  second  terrace,  upon  which  i^ 
nearly  the  whole  of  the  farming  district  of  Roswell.  Above  this  is  tlM 
upland  prairie  or  third  terrace—land  too  high  to  receive  water  from  tfal 
spring  rivers.  There  has  been  more  or  less  intermixture  of  the  soils  a( 
these  terraces,  but  their  general  characteristics  are  well  preserved. 

Soils. 

The  soils  of  the  Roswell  area  have  been  olafiiHfied  under  four  tyim^, 

1.  Pecos  sandy  loam. 

2.  Roswell  sandy  loam. 

3.  RosweU  loam. 

4.  H(Hido  meadows. 
These  types  are  indicated  in  colors  on  the  aooomiMUiying  map. 

lightest  shade  represents  the  upland  terraces  of  Pecos  sandy  loam, 
the  deeper  shades  represent  the  Roswell  sandy  loam  and  the  B^swdU 
loam.    The  Hondo  meadows  are  represented  by  a  dijflferent  color.  | 

THS  PBC08  SANPY  U>AJi.  I 

The  Pecos  sandy  loam  is  a  light  loamy  soil  covering  great  areas  fl^ 
the  prairie  land  above  the  canal  and  extending  up  the  Hondo  River^ 
along  its  terraces.  This  soil  represents  the  uppermost  terrace  of  the 
basin  deposits.  The  boundaries  of  the  soil  and  of  the  basin  were  not 
determined,  but  the  basin  is  known  to  extend  over  a  territory  niore  this 
15  miles  in  width  from  the  Pecos  and  extending  from  the  Hondo  soatk 
nearly  to  Seven  Rivers.  The  native  vegetation  consists  of  blue  and 
black  gramas,  woollyfoot,  a  little  mesquite  and  needle  grasses,  together 
with  occasional  cacti  and  yuccas.  The  plains  are  entirely  unwooded 
with  the  exception  of  a  row  of  trees  along  eaoh  side  of  the  Hondo. 

This  great  tract  of  plain  has  been  little  cultivatod  on  acoount  of  tiM 
scarcity  of  water.  A  storage  system  on  the  Hondo  has  been  pLaoiMl 
which  if  ever  carried  out  will  irrigate  thonsaadB  of  aisres  of  this  beaa- 
tiful  upland  soil.  The  area  of  the  Pecos  sandy  loam  was  examined  iij 
several  places  for  alkali.  Borings  were  made  along  the  line  of  the  oil 
stage  road  from  Roswell  to  Carlsbad  and  a  tew  beringa  6  or  7  imki 
farther  west.  Within  the  top  6  feet  of  the  soil  very  little  soluble  mst- 
ter  was  present,  but  in  some  places  below  this  point  small  quantititf 
of  salts  occur — ^in  some  cases  as  high  as  0.25  per  cent.  The  foUowiuf 
table  shows  the  results  of  Uie  examination  of  this  soil: 
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Soluble  sail  content  of  Pecos  sandy  loam. 


Depth. 

181. 

182. 

183. 

188. 

180. 

100. 

102. 

10». 
Percent. 

/Ml. 

Peremi. 

/Veenl. 

F^eent. 

Psremt. 

Ptresnt, 

Percent. 

Percent. 

0.00 

0.04 

0.08 

0.07 

0.07 

0.07 

0.08 

0.08 

.18 

.85 

.86 

.11 

.00 

.00 

.07 

.07 

.04 

.10 

.05 

.11 

.00 

.00 

.11 

.28 

.88 

.22 

.04 

.07 

.13 

.11 

.08 

.82 

.» 

.20 

.04 

.07 

.12 

.11 

.33 

.71 

.17 

.03 

.10 

.13 

.16 

.30 

10 
11 

!22 
.21 

.24 

••>..••»•• 

21 

1 

.23 

1 

1 

.53      1 

'.... 

■ 

' 

there  need  be  no  apf^rehension  that  this  quantity  of  salt  will  ever 
■tf^  the  lands  where  adequate  drainage  is  either  natural  or  is  arti- 
Wy  provided.  However,  seepage  waters  may  collect  and  damage 
b  land.  When  water  is  applied  in  quantity  to  a  great  tract  of  level 
fed  sach  as  this,  the  seepage  water  is  very  apt  to  find  difficulty  in  get- 
ig  to  the  streams,  and  therefore  collects  until  too  near  the  surface  of 
8  ground  for  safety.  This  seepcige  water  will  also,  without  doubt, 
page  the  kywer  lands  aad  draws  unless  these  are  protected  by 
iderdrainage. 

Ihis  area  of  Pecos  sandy  loam  is  underlaid  only  at  a  considerable 
pth  by  clay  which  will  permit  ready  percolation  of  the  seepage  watern. 
Dsehiy  is  exposed  where  the  sandy  loam  has  been  removed,  and  is  seen 
dldeveloped  in  the  Boswell  loam«  Atypical  section  of  the  Pecos  sandy 
IM,  to  a  depth  of  6  feet,  would  show  a  uniform  loam  throughout,  so  that 
is  clay  will  not  interfere  with  underdrainage  should  such  be  desired. 
Ihe  texture  of  this  soil  is  represented  in  the  following  table : 

Mechanical  analpsea  of  sails  of  Pecos  sandy  ham. 


DhMter. 

4116. 

Roawell, 

8  miles 

S.E.  (0-12 

inohes). 

4128. 

Roswell, 

H)  miles 

S.W.  (0-24 

ioches). 

4126. 

Qreenfleld, 

10  miles 

W.  (0*-24 

inches). 

4128. 

Roswell, 

10  miles 

S.(0>24 

inches). 

4128. 

Roswell, 

12  miles 

S.  (0-24 

inches). 

BOiaiuterB. 
to  1 

GraTsl.*  •••••.  •■.•..... 

Pereent. 

Pereent. 

Per  cent. 

Per  cent. 

Per  cent. 

toa5 

Coane  aand 

1.11 
2.65 
14.12 
38.57 
13.17 
0.83 
13.82 

Trace. 

3.06 
18.45 
20 
15.18 

0.78 
17 

Trace. 

1.52 

0.15 

34.10 

17.34 

0.70 

18.46 

Trace. 
1.22 
8.07 
20.81 
10.80 
12.10 
21.00 

Trace. 

'    to   .25 

Mcdlnm  Muid 

2.06 

8  to   .1 

Fino  Mnd 

0.76 

i    to   .06 

Verr  floe  sand 

33.11 

i  to   .01 

Silt. 

10.02 

Vto   .0001 

FlaeaiU 

10.35 

Clay 

13.77 

•  """J  ...•••...•....•.... 

kio 

1.80 
2.70 
2.75 

3 

3.30 

3.30 

1.86 
5.28 
3.86 

1.48 
4.08 
3.04 

1  48 

•  •tiiooc..*'-**-"---'--'--'--!'"""!'-! 

4.50 

MOBifnitlOl 

1 

4.55 

•Biasolyed  In  1|  liters  of  water  used  in  mechanical  analyses,  mainly  gypsum. 

The  mechanical  analysis  of  this  soil,  when  first  made  by  the  customary 
»thod  in  this  division,  showed  as  much  as  30  per  cent  clay.  This  dif- 
^f^  80  much  th>m  the  field  observations,  for  in  the  field  these  soils 
^^re  classed  throughout  as  sandy  loams,  that  the  source  of  the  differ- 


46        A    SOIL    SURVEY    IN   THE    PECOS   VALLEY,  NEW   MEXICO. 

ence  was  investigated.  A  microscopical  examination  of  the  soili 
showed  them  to  be  comx)osed  of  small  conglomerations  of  clayey  imti 
ter  cemented  by  carbonate  of  lime.  By  agitation  with  large  qaaatij 
ties  of  water  this  carbonate  of  lime  was  partially  dissoWed,  the  di| 
loosened,  and  the  resulting  analysis  would  make  the  soil  appear  heavkl 
than  the  field  judgment  would  warrant;  also  it  was  found  that  then 
was  a  quantity  of  matter  in  the  soil  which  dissolved  in  the  water  uati 
in  the  analysis.  This  was  not  in  all  cases  alkali,  but  was  more  lik^ 
to  be  gypsum  and  carbonate  of  lime,  both  of  which  are  slightly  solaU 
in  pure  water.  This  soluble  matter  is  always  included  in  the  clay  b] 
the  method  employed  in  the  analysis,  and  thus  served  to  make  the  sol 
appear  heavier  than  it  really  was.  This  soluble  matter  was  determind 
in  all  cases  and  subtracted  from  the  clay.  The  amount  of  soluble  mal 
ter  is  given,  but  must  not  be  confhsed  with  the  alkali  determinatMl 
given  in  other  tables. 

The  action  of  water  upon  this  soil  in  the  field  produces  nearly  tin 
same  results  as  were  observed  in  the  laboratory,  and  where  irrigated 
a  difierence  can  be  seen  in  the  apparent  clay  content  of  the  soil.  Afia 
irrigation  continued  for  some  time  the  sandy  loam  changes  in  appear 
ance  and  character  to  a  loam  or  even  to  a  clay  loam. 


THE  ROSWBLL  SANDY  LOAM. 

This  soil  differs  from  the  Pecos  sandy  loam  in  being  a  little  heavier 
though  the  top  foot  of  soil  may  be  nearly  of  the  same  texture.  It  if 
underlaid  at  from  1  to  2  feet  by  a  loam,  and  this  in  turn  is  underlaid  ai 
5  feet  by  a  clay  loam  or  clay. 

The  native  vegetation  of  this  soil  was. originally  the  same  as  od  tlM 
Pecos  sandy  loam,  but  since  irrigation  water  has  been  applied  all  wasti 
tracts  are  now  covered  with  salt  grass  and  alkali  weeds. 

The  texture  of  this  soil  in  the  field  was  considered  dififerent  from  th 
soils  of  the  prairies.  The  difierence  was  so  slight  that  the  results  o 
the  mechanical  analysis  fail  to  show  it,  as  appears  from  the  followioj 
table;  still  the  mechanical  analysis  is  not  considered  perfectly  reliabl 
in  these  soils  for  the  reasons  stated  above. 

Mechanical  analy9e9  of  sails  of  Roswell  sandy  loam. 


Diameter. 


MUUrMUrs. 
2         t3  1 
1         to  0.5 
0.5      to    .26 
.25    to    .1 
.1      to    .05 
.05    to    .01 
.01    to    .005 
.005  to    .0001 


Conventional  names. 


Grarel 

Coarse  sand  . . . 
Medium  sand.. 

Fine  sand 

Very  fine  sand. 

Silt 

Fine  silt 

Clay 


Salts  dissolved  in  l^  liters  of  water  used  in 

roeohanical  analysis,  mainly  irypsum 

Lossatliooc :. 

Loss  on  ignition 


4099. 
Roswell,  3 
miles  i»E. 


Per  cent.. 


0.35 
1.90 

15.87 

30 

14.83 
8.90 

15.66 


4108. 

Roswell,  5 

miles  £. 


jP#9*  c€nt. 


.40 
12.40 
32.80 
15.65 
10. 2S 
15 


4112. 
Ro6Widi5 
miles  SE. 


Peretni. 


Traoe. 

2.20 
17.80 
34.22 
14.46 

a.  08 
17.10 


1.74 
3.13 
7.15 


4.50 
3.40 
6.25 


1.00 
2.61 
3.60 
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There  is  little  qnestion  but  that  the  arrangement  of  the  soil  grains 
lays  a  great  part  in  the  Held  jadgment  of  the  textnre.  The  applica- 
ioii  of  the  irrigation  water  separates  the  floccnles  and  to  a  small  extent 
ives  the  soil  a  mnch  heavier  apx)earance  than  the  mechanical  analysis 
hows.    This  fact  is  plainly  to  be  seen  in  the  Pecos  Valley  soils 

The  Boswell  sandy  loam  may  be  considered  the  ^ame  as  the  Pecos 
ntdy  loam,  with  the  npper  part  of  the  stratnm  removed,  bringing  the 
Mun  and  clay  nearer  the  snrface.  Since  the  alkali  is  more  abundant  in 
he  lower  layers  of  the  Pecos  sandy  loam,  it  is  evident  that  the  salt 
bonld  be  more  abundant  in  the  Boswell  sandy  loam,  which  represents 
he  lower  strata  of  the  Pecos  sandy  loam.  Such  was,  no  doubt,  the  case, 
hough  it  has  been  found  difficult  to  secure  a  sample  of  this  soil  which 
as  not  been  irrigated.  The  following  table  represents  the  soil  as  near 
ts  original  condition  as  it  is  possible  to  find : 

Salt  content  of  Romoell  Bandy  loam  before  irrigation 


Depth. 

67. 

Depth. 

1 
67.        i 

FeeL 

Per  etnt. 

Feet. 

Per  cerU. 

1 

0.07 

6 

0.36 

2 

.27 

0 

.25 

3 

.44 

7 

.20 

4 

.54 

8 

.20 

After  irrigation  water  has  been  applied  to  this  soil  a  very  different 
itate  of  affairs  is  found  to  exist.  The  greater  part  of  the  soluble  matter 
B  dissolved  in  the  irrigation  water,  and  should  this  water  be  able  to 
ink  into  the  lower  subsoil  and  flow  off  into  the  country  drainage,  most 
if  this  salt  would  be  entirely  removed  from  the  soil  and  do  no  further 
tamage.  This  soil,  however,  becomes  heavier  and  more  compact  in  its 
ower  strata,  and  consequently  the  percolating  water  finds  difficulty  in 
fenetrating  to  the  stream  channels.  Thus  accumulations  of  water 
bllow  and  evaporation  from  the  surface  of  the  soil  concentrates  the 
toil  moisture  near  the  immediate  surface  of  the  ground.  The  salt  either 
rystallizes  out  onto  the  surface  of  the  ground  or  diffiises  down  into  the 
dl  slowly.  If  this  state  of  affairs  is  allowed  to  go  on  unchecked  the 
larfnce  of  the  soil  becomes  too  saline  for  agricultural  plants  to  grow 
nd  the  soil  is  abandoned  to  salt  grass  and  other  alkali  vegetation. 

The  accompanying  table  shows  the  conditions  found  to  exist  in  such 
loils  after  unchecked  evax)oration  from  a  wet  soil. 

Soluble  edit  content  of  Boswell  eandy  loam  after  irrigation. 


Depth. 

135. 
Percent. 

142. 

27. 

54. 

144. 
Percent. 

1 

47. 

Feet. 

Percent. 

Percent. 

Percent. 

Per  cent. 

1 

0.00 

0.06 

0.45 

0.66 

0.16 

0.41 

2 

.15 

.06 

.18 

.44 

.13 

.52 

.28 

.10 

a. 80 

.52 

.12 

.48 

.28 

.14 

.16 

a. 47 

.10 

.42 

.32 

.18 

.17 

.33 

a. 10 

.30 

.34 

.18 

.17 

.83 

a. 35 

. ... ......      - 

.36 

1 
1 

a  Wftter  encoax 

iteied. 

48        A    SOIL   8URVEY   IN   THE    PECOS    VALLEY,   KEW    MEXICO. 

Samples  135, 142, 144  illustrate  soils  in  which  water  is  not  standiag 
near  the  surface.  Here  the  original  salt  has  been  washed  down  aai 
away  through  the  subsoil.  In  the  other  samples  water  has  aoeunut- 
lated  in  the  subsoil,  and  at  the  time  examined  stood  at  the  deptki 
noted.  Through  flactoation  in  the  level  of  this  water  table,  the  stand- 
ing water  at  other  seasons  approaches  much  nearer  the  sar£ac6w 

A  general  relation  is  to  be  seen  between  the  depth  to  standing  wata 
and  the  amount  of  alkali  within  the  surface  foot  of  soiL  The  amoiiBt 
of  alkali  within  the  surface  foot  is  the  controlling  factor  in  the  ciiiliv» 
tion  of  these  soils;  and,  since  agricultural  plants  refuse  to  grow  with 
^  of  1  per  ceot  alkali,  the  evaporation  from  the  surfaee  has  alieadf 
damaged  some  of  the  soils  referred  to  in  the  table. 


ROSWELL   LOAM. 

This  soil  differs  from  the  Roswell  sandy  loam  in  having  the  da} 
near  the  surface.  A  typical  section  shows  about  4  feet  of  loam  under^ 
laid  by  heavy  loam  and  clay. 

The  Boswell  loam  is  represented  on  the  soil  map  by  an  area  in  tba 
center  of  the  Eoswell  sandy  loam.  This  area  is  underlaid  by  impervioiil 
clay  throughout,  and,  wherever  it  has  been  watered  without  proper 
drainage,  water  can  usually  be  found  at  a  depth  of  from  3  to  5  feet.  The 
conditions  of  this  soil  with  reference  to  alkali  are  nearly  the  same  as  is. 
the  Boswell  sandy  loam,  but  wherever  evaporation  has  been  allowed  to 
progress  unchecked  the  surface  soil  is  at  present  charged  with  alkalL 
In  some  places  this  has  gone  on  to  such  an  extent  that  the  soil  shooM 
be  classed  as  an  alkali  fiat. 

Soluble  8alt  content  of  Hoetvell  loam. 


Depth. 

33. 

Per  cent. 
0.19 

.15 
C.22 

.35 

.38 

.36 

34. 

Per  cent. 
M.34 
.45 
.31 
.31 
.33 
.29 

39.a 

41. 

48. 

49. 

Feet. 

I 
2 
3 
4 

5 

6 

8 
10 
12 

Per  cent 
1.60 
.60 
.43 
.32 
(0 

Per  cent, 
2.76 

.93 

1.14 

1.04 

1.25 

01.04 

.72 

.44 

.32 

Per  cent 
0.42 

.28 
e.22 

.20 

.16 

-1^ 

Percent 

6.7^ 

.36 

e.at 

.81 
.34 

■•««•«•«»« 

, 

a  Never  i 

rri  gated. 

&Wat 

er  at  earfia 

«e. 

«  Water  ei 

icomt^red 

Sample  iN'o.  33  represents  the  soil  in  nearly  its  best  condition  as 
regards  alkali,  but  with  standing  water  too  near  the  surface.  Tbe 
texture  of  the  Eoswell  loam  in  the  field  was  classed  as  heavier  thai 
the  Boswell  sandy  loam,  though  mechanical  analyses  of  a  few  samples 
show  very  little  difference.  This  again  illustrates  the  difficulty  of  inter- 
preting the  texture  of  a  soil  from  a  mechanical  analysis  alone.  Tbe 
change  in  arrangement  of  the  soil  particles  by  the  action  of  irrigating 
waters  and  the  presence  of  the  clay  nearer  the  surface  give  the  impres* 
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aton  in  the  field  that  the  BoBwell  loam  is  a  heavier  soil  than  the  Bob- 
well  sandy  loam  or  Pecos  sandy  loam,  and  it  has  been  so  classed. 
This  shows  that  the  holding  power  and  its  penetrability  to  water  are 
often  important  factors  in  determining  the  character  of  a  soil  as  well  as 
the  size  of  the  grains. 


THB   HONDO  MKA.DOW8. 


Under  the  title  of  Hondo  Meadows  are  included  the  low-lying  lands 
aloo^  all  of  the  streams,  but,  with  the  exception  of  a  narrow  strip  along 
part  of  the  South  Spring  Biver  and  a  small  part  immediately  along  the 
Peoos,  these  meadow  lands  on  the  soil  map  are  all  along  the  Hondo  Riyer 
and  around  its  junction  with  the  Pecos.  The  term  meadow  is  used  in 
the  same  sense  as  in  humid  regions,  and  means  low  land,  naturally  wet 
firotn  the  proximity  of  the  stream,  though  in  the  arid  climate  of  the  Pecos 
Valley  the  low-lying  lands  need  not  necessarily  be  wet  before  irrigation. 

The  soil  of  these  meadows  is  formed  from  recent  alluvium,  and  in  its 
physical  properties  represents  this  mud,  being  heavy  and  silty.  A  typi- 
cal section  of  the  Hondo  meadow  land  shows  3  feet  of  clay  loam  under- 
laid by  clay. 

The  water  of  the  Hondo  is  very  muddy,  and  when  fields  are  flooded 
with  this  water  a  thin  deposit  is  left.  The  fertilizing  value  of  the  silt 
in  Baspension  is  considerable;  in  fact  an  analysis  shows  it  to  contain 
more  plant  food  than  the  mud  of  the  Nile  River  in  Egypt. 


Chemical  compotition  of  Ho%do  and  NUe  udimeni. 


IsM&able  mattsr  and  aiUea 

Iron  oxide  and  alnmina 

OsKide  of  Banganeao 


Potash. 


Biilphafic  aeid 

PliMplioric  add 

CtetMnDie  acid 

OrnuilemaUar 

Viupogem  in  organio  matter. 


Hondo 
mod 

(SkMto). 


21.4 


2.1 
6.7 
1.19 


l.M 
.3 


9.8 
.32 


Kile  nrad 

(Haokoa- 

ale). 


68.17 

24.76 

.00 

8.42 

3.81 

.68 

.02 

.20 

.21 

1.56 

8.00 

.12 


The  application  of  water  containing  this  mud  can  not  but  be  of  bene- 
fit to  most  lands  in  the  valley.  Its  wealth  of  plant  food  is  above  that 
of  the  ordinary  soils,  and  the  nitrogen  it  contains  should  be  of  special 
value.  The  sediment  often  amounts  to  as  much  as  10  per  cent  by 
volume  of  the  water,  it  is  stated. 

This  analysis  may  be  taken  to  represent  the  composition  of  the  Hondo 
meadow  soiL    This  soil  is  the  richest  in  plant  food  of  all  the  soils 
mapped.    The  sediment  of  the  river  represents  the  richest  portion  of 
the  soils  of  the  upper  valley. 
H.  Doc.  399 4 
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From  the  xK>sitioD  of  these  lands,  subject  to  weatheriog  from  below 
by  seepage  waters  from  the  higher  lands,  the  evaporation  from  the  sur- 
face of  the  soil  has  aocamulated  quantities  of  salt  within  the  soil  and 
at  present  nearly  the  whole  of  this  rich  land  is  given  over  to  salt  grass. 
CnltivatioQ  has  been  attempted  at  several  points  and  the  effect  of 
underdrainage  on  the  soils  is  readily  noticeable.    On  section  33,  one- 
half  mile  east  of  Boswell,  a  truck  patch  has  been  laid  out  on  the  Hondo 
bottom.    Near  the  bluffs  sloping  from  the  second  terrace  to  the  bottoms 
the  land  is  wet  and  alkaline  and  the  growth  of  tender  truck  cNfit 
uncertain  or  impossible.    Toward  the  bank  of  the  Hondo,  which  at4|ii 
point  is  cut  down  8  feet  below  the  level  of  the  meadows,  the  mUk 
better  drained  and  truck  crops  do  well.    Should  drains  be  cut  fromHfts 
river  back  to  the  blnfb  at  intervals,  the  water  seeping  out  from  the  mp- 
lands  would  be  drained  away  and  the  salt  already  in  the  bottoms  could 
be  washed  into  the  Hondo  and  so  carried  away.    On  section  34  ao 
alfalfa  field  is  growing  on  the  Hondo  flats.    Along  the  foot  of  the  bloA, 
150  yards  from  the  river,  the  soil  is  wet  and  boggy,  with  salt  grass  the 
only  vegetation.    Close  by  the  stream  banks,  however,  the  growth  of 
alfalfa  is  heavy  and  luztiriant  and  grades  down  until,  less  than  100 
yards  from  the  escarpment  of  the  terrace,  it  fiails  entirely  to  grow. 

Perhaps  the  best  illustration  of  the  effect  of  drainage  is  seen  upon 
the  farm  of  Mr.  Charles  Bremond,  on  section  31.  Here  the  Hondo 
makes  a  bend,  and  close  to  the  river  all  around  the  bend  the  soil  is  in 
far  better  condition  than  farther  back.  The  mechanical  analyBisof  the 
Hondo  bottom  land  shows  it  to  be  a  much  heavier  soil  than  any  other 
exposed  in  the  valley.  The  sediment  as  originally  deposited  contains 
very  little  more  clay  than  the  Boswell  loams,  but  from  its  position,  heing 
wet  nearly  all  of  the  time,  the  soil  particles  break  down  and  a  much 
heavier  soil  is  formed.  The  two  analyses  in  the  table  represent  the 
two  conditions  of  the  soil — the  first  column  representing  the  sediment 
immediately  after  its  deposition  and  the  other  soil  formed  from  the 
weathering  of  this  sediment. 

Meehanioal  analytes  of  saiU  of  the  Hondo  moadowt. 


Diameter. 

Mittimet^s. 
2         tol 
1         too.  5 
0.5      to   .25 
.25    to  .1 
.1      to   .05 
.05    to   .01 
.01    to  .005 
.  005  to  .  0001 

1 

Conventional  names. 

4145. 

Boswell,  3 

miles  £. 

4119. 

Roswell,  1 

mile  B. 

Gravel - 

Per  cent. 

Percent, 

Coarse  sand 

Tmoe. 

1.46 

5.58 

21.04 

35.09 

7.18 

14.52 

Medium  sand 

0.78 
4.85 

10.66 

12.85 

17 

34.65 

Fine  sand 

Very  fine  sand 

Silt 

Fine  silt 

Clay 

Salt  dissol 
Loss  et  1 1 

vodin  mecbanical  analysis. 
0°  c \ 

.05 
5.57 
7.80 

5.40 
7.47 
8.63 

J^OSS  OD  ig 

nition 
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Figure  1  gives  sections  through  Roswell,  Carlsbad,  Otis,  and  Florence 
and  shows  the  relation  of  the  soil  at  the  different  parts  of  the  valley. 
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SCCTION     THROUGH  ROSWCLL 


SECTION   THROUGH  CARLSBAD 
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SECTION  THROUGH    OTIS 


SECTION   THROUGH    FLORENCE 


A.H.S. 


Fio.  1.— Seetions  in  Peooe  VaDey,  Kew  M«xioo. 
(<9=Baod;  £l»c  =  sandy  loam ;  ^=loam;  iSee  =  ola j  loam ;  (7=:olay;  09fv{  =  conglomorato:  Qyp=. 

gypaum.) 

Water  Supply. 

The  water  supply  from  the  North  and  South  Spring  rivers  is  good ; 
tiiat  is  to  say,  it  does  not  contain  enough  salt  to  be  harmful  to  vege- 
tation in  any  way.  The  average  water  contains  75  parts  of  soluble 
matter  to  every  100,000  parts  of  water.  About  49  parts  consist  of  cal- 
oiam  carbonate  (limestone)  and  calcium  sulphate  (gypsum),  which  are 
harmless  to  plants  and  crystallize  out  upon  evaporation  of  the  water. 
The  remaining  26  parts  consist  of  salts  readily  soluble  in  water  and 
sach  as  are  likely  to  remain  in  solution  and  accumulate  to  such  a 
degree  as  to  be  harmful. 

The  following  analysis  by  Prof.  E.  M.  Skeats,  of  Carlsbad,  represents 
the  average  chemical  composition  of  the  salt  dissolved  in  the  water: 

Chemical  compimtion  of  ike  North  emd  South  Spring  rivere,  in  parte,  per  100,000 

parte  of  water, 

N»C1 8 

CaCO, 18 

CaS04 20 

MgS04 16 

KsSO^ 2 

Silica,  alamina,  and  iron 1 

Water  of  crystallization,  etc 10 


Total  solids 75 
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Since  most  of  our  agricaltaral  plants  are  able  to  grow  with  their 
roots  in  solations  containing  as  mach  as  1  per  cent  of  these  readfly 
solnble  salts,  it  would  require  evaporation  and  concentration  of  the 
Spring  Biver  water  to  one-fifteenth  of  its  bulk  in  order  to  kill  vege- 
tation. Such  a  concentration  can  easily  be  avoided  within  the  soiL 
By  the  application  of  1  acre-foot  of  this  water  about  700  pounds  of 
harmftd  salts  are  added,  and,  since  15,000  pounds  per  acre-foot  can  be 
taken  as  the  maximum  amount  of  salt  allowable  for  plant  growth,  it 
would  require  nine  years'  accumulation  of  irrigation  waters,  allowing 
2i  acre-feet  of  water  for  each  year,  and  supposing  none  of  the  salt 
washed  out  of  the  land.  Such  a  condition  could  hardly  exist,  for  a 
certain  percentage  of  the  salts  is  washed  down  below  the  first  foot 
Moreover,  part  of  the  salt  is  annually  removed  in  the  crop.  Four* 
tenths  of  1  per  cent  of  soluble  salt  in  a  soil  capable  of  holding,  when 
saturated,  40  per  cent  by  weight  of  water  gives  a  concentration  of  1 
per  cent  in  the  soil  moisture  when  the  soil  is  saturated. 

Ukdrhground  Water. 

One  of  the  maps  accompanying  this  report  shows  the  depth  to 
standing  water  during  June,  1899.  The  depth  is  shown  by  three 
shades  of  green,  the  lightest  shade  showing  land  in  which  water  can 
not  be  found  by  boring  10  feet.  The  intermediate  shade  shows  land  in 
which  water  is  to  be  found  between  3  and  10  feet  in  depth.  Such  land 
as  this,  if  the  water  approaches  the  higher  limit,  is  in  danger  of 
becoming  too  wet  and  the  level  of  the  water  table  should  be  carefiilly 
watched;  and,  if  it  rapidly  approaches  3  feet,  drainage  must  be  fur- 
nished to  prevent  the  water  from  rising  above  3  feet.  The  reason  for 
giving  this  laud  a  special  tint  is  that  it  is  approaching  the  limit,  and 
may  need  drainage.  The  darkest  tint  shows  land  which  is  at  present 
in  need  of  drainage,  for  at  the  time  it  was  examined  water  was  found 
within  3  feet  of  the  surface.  For  such  land  there  can  be  no  question 
but  that  its  great  need  is  underdrainage.  Few  plants,  none  of  which 
are  used  as  agricultural  plants  in  the  Pecos  Valley,  are  able  to  grow  to 
advantage  with  their  roots  immersed  in  water  for  more  than  a  day  or 
two  at  a  time,  and,  as  most  of  our  common  plants  send  roots  as  deep 
as  3  feet,  the  level  of  standing  water  should  be  kept  below  this  level 
Particularly  is  this  true  of  arid  regions,  where  there  is  not  so  mach 
difference  between  soil  and  subsoil  as  in  the  East.  Alfalfa,  which  is 
the  most  important  crop  of  the  Boswell  area,  sends  its  roots  to  great 
depths.  Oases  have  been  noted  where  the  alfalfa  grew  luxuriantly  for 
two  or  three  years,  but  suddenly  began  to  sicken  and  die.  Investi- 
gation proved  that  the  plants  grew  all  right  until  the  roots  reached  the 
water  table.  Here,  in  their  effort  to  reach  farther  into  the  subsoil,  tbe 
roots  were  partly  immersed  in  standing  water  and  the  crop  suffered. 

The  scale  upon  which  this  map  is  printed  does  not  permit  detailed 
representations  of  each  section  of  land.    There  are  no  doubt  small  spots 
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within  the  area  shown  as  in  need  of  immediate  drainai^e  which  are  at 
present  in  fair  condition  for  crop  production.  The  map  is  intended  to 
show  in  a  general  way  the  conditious  found  existing  during  June,  1899, 
and  most  not  be  interpreted  as  representing  the  conditions  at  any  other 
time.  The  entire  condition  of  the  land  may  change  with  the  seasons, 
and  during  some  other  season  of  the  year  the  water  level  may  be  very 
different.  On  the  map  all  of  the  lands  below  the  irrigating  canals  have 
standing  water  at  less  than  ten  feet.  Such  is  generally  true,  though 
there  are  a  few  isolated  points  immediately  along  the  bank  of  the 
Hondo,  or  under  some  land  never  irrigated  where  water  stands  at  a 
greater  depth  than  ten  feet.  Throughout  the  greater  part  of  the  Bos- 
well  loam,  where  clay  is  found  near  the  surfietce  of  the  soil  and  in  the 
draws  and  dose  to  the  river  channels,  the  land  is  wet  and  water  stands 
at  less  than  three  feet 

Thk  Aucali  of  ths  Soils. 

One  of  the  maps  accompanying  this  report  shows  the  conditions  of 
the  ground  with  reference  to  alkali.  The  three  colors  indicate  the 
amount  of  alkali  in  the  soil^  soil  containing  from  0  to  0.25  per  cent  of 
alkali;  soil  contaiping  0.25  to  0.50  per  cent,  and  soil  containing  over 
0.50  -per  cent.  Or  the  map  shows  (1)  the  areas  of  land  which  are  free 
from  harmful  quantities  of  alkali;  (2)  the  lands  which  contain  harmful 
qaantities  of  alkali,  but  not  enough  alkali  to  prevent  the  growing  of 
crops;  and  (3)  the  lands  which  contain  too  much  alkali  for  cropping. 

The  term  alkali,  as  used  throughout  the  West,  designates  any  solu- 
ble matter  in  a  soil  or  water.  The  term  does  not  mean  that  the  salts 
are  alkaline  or  basic  in  a  chemical  sense,  for  the  greater  part  of  these 
salts  are  neutral,  and  in  some  cases  even  acid  salts  have  received  this 
name.  There  are  two  kinds  of  '<  alkali "  commonly  recognized,  (a)  white 
alkali  and  {b)  black  alkali. 

The  white  alkali  is  composed  of  one  or  more  of  the  following  salts, 
named  in  the  order  of  their  imi)ortance:  Sodium  chlorid,  sodium  sul- 
phate, magnesium  sulphate,  calcium  chlorid,  magnesium  chlorid  with,  in 
8ome  districts,  borates  and  nitrates.  The  essential  constituent  of  black 
alkali  is  sodium  carbonate,  though  this  salt  is  never  pure,  but  is  mixed 
with  sodium  bicarbonate  and  the  salts  which  form  the  white  alkali. 
These  salts  are  formed  through  the  weathering  of  the  rocks,  and  in  dis- 
tricts of  light  rainfall  the  amount  of  seepage  through  the  soil  is  insuffi- 
cient to  wash  them  away.  There  is  therefore  an  accumulation  in  most 
arid  soils — ^the  amount,  other  things  being  equal,  varying  inversely  as  the 
rainfall  of  the  district. 

In  some  places  the  alkali  is  the  accumulated  salt  from  the  evapora- 
tion of  inland  lakes.  All  river  water  contains  soluble  matter,  and  when 
this  water  enters  an  inclosed  basin  where  the  waters  evaporate  an 
accumulation  of  salts  is  the  result.  The  muds,  silts,  and  sand  left  by 
this  lake  all  contain  soluble  matter,  and  upon  applying  water  by  irriga. 
tioQ  to  such  soils  the  alkali,  which  may  not  be  apparent  on  the  surface 
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of  the  soil,  is  brought  to  tbe  sarface  by  the  water,  as  it  rises  throogk 
capillary  attraction.  These  inclosed  basins  sometimes  represent  Ite 
most  difficult  conditions  with  which  the  farmer  has  to  deal,  for  the  salt 
commences  to  accumulate  in  the  lowest  portions  of  the  basin  and 
extends  up  the  sides  of  the  basin  as  the  amount  of  salt  brought  in 
increases.  The  great  expense  or  even  impossibility  of  draining  sacli 
basins  is  the  great  barrier  in  the  way  of  their  reclamation.  The  Oreaifc 
Salt  Lake  of  Utah  is  the  remnant  of  a  great  lake,  and  its  waters  to-day 
represent  the  mother  liquor  from  the  concentration  of  great  quantities 
of  water. 

In  past  geological  ages  arms  of  the  ocean  were  sometimes  cut  off 
from  the  main  ocean  and  the  waters  concentrated  by  evaporation  nntO 
part  or  all  of  the  burden  of  soluble  matter  was  deposited.    Beds  formed 
in  this  way  to-day,  when  elevated  above  the  level  of  the  sea  and 
exposed  to  erosion,  give  rise  to  quantities  of  alkali.    The  Bed  Beds, 
forming  the  great  plains  north  of  Boswell  in  the  Pecos  YaHey^  and 
underlying  the  Staked  Plains  to  the  east,  were  deposited  in  this  way, 
and  though  no  beds  of  salt  are  found,  yet  all  of  the  soils  from  this  for- 
mation contain  soluble  matter.    Beds  of  gypsum  were  deposited,  thus 
indicating  that  the  ocean  water  was  concentrated  by  evaporation. 
Included  within  this  gypsum  are  small  quantities  of  soluble  salt    If 
beds  of  these  salts  were  ever  deposited,  the  greater  part  has  been 
removed  by  solution,  for  to-day  no  deposits  of  salt  within  this  forma- 
tion in  Kew  Mexico  have  been  found,  so  far  as  knownJ 

Another  source  of  alkali  in  the  Pecos  Valley  is  from  the  decomposi- 
tion of  volcanic  rocks.  To  the  west  of  the  Pecos  great  areas  of  appar- 
ently recent  lava  are  found,  and  associated  with  the  lava  are  alkali 
springs  of  varying  degrees  of  concentration.  Some  of  the  deposits  of 
gypsum  in  the  Pecos  Valley  can  be  accounted  for  only  on  the  assump- 
tion that  the  gypsum  is  the  result  of  the  action  of  acid  waters  upon  the 
limestone.  Even  though  the  lava  flows  were  not  associated  with  alkali 
springs,  the  decomposition  of  the  igneous  rocks  would  give  rise  to  the 
formation  of  alkali  salts,  and  without  doubt  the  igneous  rocks  west  of 
Boswell  are  the  source  of  parts  of  the  alkali  salts. 

The  alkali  of  the  Boswell  area  is  entirely  the  white  alkali,  as  far  as 
observed.  Many  spots  were  pointed  out  as  being  due  to  the  black 
alkali,  but  they  were  undoubtedly  due  to  calcium  chlorid.  Sodium 
carbonate  can  hardly  exist  under  the  prevailing  conditions. 

It  has  been  pointed  out  by  Hilgard  that  gypsum  is  an  antidote  for 
black  alkali  under  certain  favorable  conditions.  If  the  soil  be  well 
drained  and  aerated,  the  black  alkali,  sodium  carbonate,  in  contact  with 
the  gypsum  is  more  or  less  completely  converted  into  tbe  less  noxious 
white  alkali,  sodium  sulphate.    The  reaction  may  be  expressed  thus: 

Na20O3+ 0aSO4=Na2SO4+Oa0O3 


'Since  this  was  ^rritten  it  is  reported  that  a  bed  of  rock  salt  over  400  feet  deep  has 
been  encountered  in  boring  for  an  artesian  'well  at  Carlsbad. 
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[hi  the  other  hand,  if  the  noil  be  not  well  drained,  that  is  to  aay,  condi- 
tions exist  favorable  to  the  retention  of  carbon  dioxid  and  moisture, 
I  reverse  reaction  will  predominate,  which  may  be  indicated  thns: 

Na,S04+OaC03+CO,+H,0=Na,S04+H,Ca(003),=r2  H  NaC03+ 

CaS04 

and  the  sodium  bicarbonate  (H  NaOOa)  being  a  very  instable  coni- 
poand,  always  inverts  to  some  extent  with  the  formation  of  sodium 
carbonate  (Nat  CO3),  the  undesirable  constituent  of  black  alkali. 

Somewhat  similar  reactions  take  place  when  gypsum  comes  in  con- 
taict  with  chlorids  in  solution  or  in  a  wet  soil.  Calcium  chlorid  and 
sodium  sulphate  will  be  formed,  which  is  indicated  thus: 

2  Fa01+0aSO4=Na^O4+GaCl, 

There  will  now  be  present  in  the  solution,  sodium  chlorid,  calcium  sul- 
phate, sodium  sulphate,  calcium  chlorid,  as  well  as  the  ions  formed  by 
the  dissociation  of  these  salts.    If  the  soil  be  well  drained  and  suffi- 
dent  water  drains  through  it,  the  soluble  salts  thus  formed  are  rapidly 
leaehed  away;  but  if  the  soil  be  not  well  drained,  that  is  to  say,  if  it 
eontains  standing  water  near  the  snrfiace,  there  will  be  a  gradual 
evaporation  of  the  water  with  a  concentration  of  its  salt  contents.    At 
fint  sight  it  would  appear  that  the  calcium  sulphate,  being  so  much  less 
soluble  than  the  other  salts,  would  be  precipitated  as  a  solid  before 
any  of  the  other  salts;  more  and  more  being  formed  firom  the  sodium  sul- 
phate and  calcium  chlorid  and  precipitating  in  turn.    But  this  process 
▼ill  take  place,  if  at  all,  to  a  much  less  extent  than  is  generally  sup- 
posed.   It  is  to  be  remembered  that  the  solution  is  becoming  more  and 
more  saturated  with  respect  to  the  sodium  chlorid.    It  follows,  from 
the  investigations  of  Treadwell  and  Beuter,  and  from  experiments  in 
this  laboratory,  which  will  be  described  later  by  Dr.  Cameron,  that  the 
amount  of  gypsum  dissolved — its  constituents  being  held  in  solution  as 
ealcinm  chlorid  and  sodium  sulphate— is  very  greatly  increased  with 
the  concentration  of  the  sodium  chlorid. 

It  thus  comes  about  that  as  evaporation  proceeds  the  solution  is 
aetoally  becoming  richer  and  richer  in  tlie  very  soluble  calcium  chlorid, 
and  Anally  it  separates  as  such  along  with  or  after  the  other  readily 
solable  salts.    On  resolution,  being  much  the  most  soluble  of  the  salts 
in  the  mixture,  it  would  be  the  first  to  dissolve,  and  from  the  fact  that 
it  has  a  common  ion  with  sodium  chlorid,  would  retard  the  solution  of 
that  otherwise  very  readily  soluble  salt.    It  would  increase  the  solu- 
bility of  the  less  readily  soluble  sodium  sulphate  if  it  remained  in  con- 
^  with  it  sufficiently  long  for  equilibrium  to  take  place.    But  if  it  fs 
quickly  brought  to  the  surface  by  capillary  forces,  or  by  diffusion,  and 
then  qnickly  concentrated  by  rapid  evaporation,  there  would  be  a  con- 
<^tration  of  the  calcium  chlorid  in  the  upper  portions  of  the  crust. 
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In  several  spots  in  the  Peoos  Valley  considerable  qaantitieB  of  cri 
dam  and  magnesiam  chlorid  were  fonud  in  the  crust  on  the  soil.  It 
probable,  as  will  be  seen  Arom  the  above  reasoning,  that  bnt 
qaantities  would  be  fonnd  at  any  depth  in  the  soil  itself.  These 
containing  calciam  chlorid  have  a  dark  appearance  qaite  similar  to 
true  black  alkali.  Indeed,  they  are  locally  known  as  black  all 
though  their  characteristic  feature  is  the  presence  of  much  calciam 
magnesiam  chlorid,  not  that  of  sodium  carbonate.  The  reasons  M 
this  blackened  appearance  are  not  obvious,  and  the  evidence  at  haai 
is  too  meager  to  warrant  any  suggestion  at  present.  It  is  worthy  4 
note  that  these  spots  are  of  necessity  damp  or  wet — ^a  condition  fava 
able  to  the  formation  and  retention  of  carbonic  acid.  But  it  wfl 
require  further  investigation  to  say  definitely  whetiier  this  be  a  iaeloi 
in  the  production  of  the  observed  results. 

Analff90$  ofaXk^li  cru$Ufrom  <A#  Bo9uyell  arpa. 


No. 

LooiOHy. 

Calcium 
snlplittte. 

ICsffnosinm 
•lOpbste. 

Sodiua 
sulphate. 

SodiuB 
eUsrti. 

4092 

Sm.86«T.  lOS..  B.88B 

Per  cent. 
14.17 

9.09 
18.68 

6.85 
46.67 

4.03 

Percent. 
88.06 
88.42 
16.78 
12.86 
17.63 
81.64 

Percent. 
47.99 
41.16 
85.77 
50.90 
1.44 
61. 77 

Per  emt 

9.a 

4003 

Seo.  85.  footof  ffTATel  hill 

itai 

4097 

Bremoud  omst 

84.81 

4107 

Elaok  crust,  Bremond 

n.ii 

4189 

Hiffb  spot,  kiehelet 

9km 

4149 

Tiileonisi.  B.  of  Northsm  csnal 

IlR 

Of  the  salts  shown  in  these  analyses  sodium  chlorid  is  the  most 
harmful  to  plants.  It  is  generally  stated  that  most  agricultural  plants 
can  grow  with  0.25  per  cent  within  the  surface  foot  of  the  soil,  while 
of  the  sodium  and  magnesium  sulphate  plants  can  withstand  as  mnefa 
as  0.50  per  cent.  Observations  upon  the  growth  of  alfalfa  in  the 
Boswell  soils  showed  that  it  was  just  able  to  grow  when  from  0.40  to 
0.50  per  cent  of  alkali  was  present.  The  figure  0.50  has  been  taken 
as  the  maximum  limit,  and  though  plants  are  able  to  grow  with  this 
amount  of  salt  in  a  soil  the  growth  is  uncertain  and  light,  in  fact  0.25 
per  cent  damages  crop  growth  to  a  great  extent  This  range  is,  there- 
fore, taken  as  the  danger  limit. 

The  action  of  soluble  matter  within  a  soil  upon  the  growth  of  plants 
is  very  complex  and  to  a  great  extent  not  well  understood.  It  is  a  fact 
of  common  note  that  a  little  alkali  makes  crops  grow  better.  There  is 
danger  in  this  little  alkali,  however,  for  if  the  amount  increases  ever  so 
little  beyond  the  point  where  plan ts  grow  better,  there  is  noted  a  decresse 
in  production  and  the  productivity  of  these  soils  may  be  considered 
dei>endent  upon  the  per  cent  of  alkali  present.  The  fact  has  been  noted 
that  with  0.25  per  cent  of  alkali  in  the  top  foot  of  soil  the  crop  pro- 
duction is  decreased.  This  decrease  becomes  more  and  more  marked 
until  the  plants  refuse  to  grow.  The  limit  of  growth  may  be  considered 
0.50  per  cent.  Occasional  cases  have  been  noted  elsewhere  where 
crops  would  live  with  more  alkali  present,  but  in  the  Pecos  Valley,  soils, 
with  one-half  of  1  per  cent  alkali,  are  entirely  unproductive. 
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Plants  of  different  species  are  able  to  withstand  different  amounts  of 
Ikali,  and  the  resistance  of  the  same  plant  to  alkali  varies  in  different 
iages  of  its  growth.  In  the  Boswdl  area  afalfa  was  found  sickly  and 
fiug  with  a  little  over  0.40  per  cent  alkali  in  the  soil,  while  in  other 
»ges  of  its  growth  isolated  plants  have  been  found  growing  in  a  soil 
mtaining  more  than  0.75  per  cent  alkali.  Young  apple  trees  showed 
gns  of  distress  with  a  little  over  0.30  per  cent,  while  sugar  beets  grew 
ith  something  over  0.50  per  cent. 

The  action  of  soluble  matter  upon  plant  growth  varies  with  the 
nnotic  pressure  of  the  solution  in  the  plant  tissues.  This  fact  has 
een  experimentally  demonstrated  by  Slosson  and  Buffum  of  the 
Wyoming  Experiment  Station.  Since  the  osmotic  pressure  varies  with 
le  concentration  of  the  solution,  the  mere  statement  of  the  total 
ercentage  of  salt  within  a  soil  determined  chemically  does  not  give  a 
me  idea  of  the  osmotic  pressure  of  a  solution.  The  percentages  as 
jven  in  this  report  and  in  all  reports  of  the  Division  of  Soils  are 
ttsed  upon  the  dry  weight  of  the  soil  and  are  the  amount  of  alkali 
lisaolved  by  the  water  when  the  soil  is  saturated. 
The  method  for  salt  determinations  as  used  in  the  Held  work  of  the 
)ivision  of  Soils  has  been  described  in  previous  publications,  but  a 
ihort  sketch  of  the  method  will  be  given  here  for  the  intelligent  con- 
nderation  of  the  results. 
Samples  of  soil  are  collected  with  a  1^-inch  soil  auger  with  an  exten- 
don  handle  long  enough  to  bore  20  feet.  The  samples  are  usually 
iskeu  in  1-foot  sections  and  the  alkali  determined  in  each  foot  of  depth, 
rhe  soil  as  collected  is  thoroughly  mixed  upon  a  clean  piece  of  oil- 
doth.  A  portion  of  the  mixed  sample  is  saturated  with  distilled  water 
^nd  packed  in  a  hard-rubber  cell  of  a  capacity  of  about  50  c.  c.  with 
two  metal  sides.  The  electrical  resistance  of  this  saturated  soil  is 
taken  by  a  Wheatstoue  bridge.  The  tem])erature  is  then  taken  by 
inserting  a  thermometer  in  the  soil  in  the  cell.  This  constitutes  the 
field  work.  In  the  laboratory  a  number  of  typical  samples  of  the 
alkali  in  the  soil  are  analyzed  and  a  solution  of  salt  corresponding  in 
lelative  composition  to  the  average  of  these  analyses  is  made.  By 
varying  dilutions  of  this  solution  the  per  cent  of  salt  is  ascertained 
for  each  5  or  10  ohms  difference  in  resistance.  The  per  cent  of  water 
of  8atQrationforeach  type  of  soil  is  then  determined  by  saturating  the 
soils  in  the  same  manner  as  done  in  the  field  and  making  gravimetric 
moistore  determinations.  Then  by  determining  the  weight  of  the  wet 
8oil  the  cell  will  hold,  the  number  of  cubic  centimeters  of  the  soil  moisture 
in  the  cell  filled  with  saturated  soil  may  be  calculated.  Knowing  the 
number  of  cubic  centimeters  of  soil  moisture  contained  in  the  cell  fall 
of  saturated  soil,  the  cell  factor,  or  the  figure  by  which  the  resistance 
of  that  amount  of  solution  must  be  multiplied  in  order  to  give  the. 
"Pociflc  resistance,  can  be  found  from  the  known  constants  of  the  cell. 
The  resistance  obtained  in  the  field  is  multiplied  by  the  figure  0.56  to 
correct  for  the  resistance  offered  by  the  insoluble,  nonconducting  parti- 
^  of  soil  and  the  result  multiplied  by  the  cell  factor,  giving  the 
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specific  electrical  resistance  of  the  solntion  aroand  the  soil 
The  i>er  cent  of  salt  corresponding  to  the  specific  resistance  is  d< 
mined  from  the  solution  made  ap  from  the  chemical  anidyses  of 
field  samples.    This  percentage,  mnltiplied  by  the  per  cent  of 
in  the  saturated  soil,  gives  the  per  cent  of  alkali  in  the  dry  soiL 

In  the  field  work  borings  are  taken  at  frequent  intervals  and 
salt  content  determined  for  each  foot  of  depth.    These  percentages 
plotted  OD  base  maps  and  lines  drawn  separating  the  three  oondit» 
of  the  soil  respecting  alkali.    These  three  conditions  are  shown  in 
alkali  map  by  different  colors. 

The  maps  as  presented  may  be  taken  as  an  indication  of  the  conditioi 
of  the  soil  during  June,  1899.  For  the  construction  of  the  maps  ti« 
salt  content  of  the  soil  to  a  depth  of  5  feet  was  considered.  J 

The  area  of  Pecos  loam  is  seen  to  be  colored  to  indicate  between  OM, 
and  0.50  per  cent  alkali.  This  soil  at  every  point  examined  within  tM| 
area  of  the  map  was  found  to  contain  more  than  0.25  per  cent  of  alkal' 
within  the  upper  5  feet.  The  porosity  of  this  soil,  however,  woull| 
enable  most  of  this  salt  to  be  immediately  washed  out  upon  the  appB-' 
cation  of  irrigation  water,  as  has  been  seen  in  a  number  of  places  where 
small  tracts  of  this  upland  soil  were  cultivated  around  Boswell. 

The  areas  on  the  salt  map  showing  from  0.25  to  0.5  per  cent  of  saK ' 
are  susceptible  of  a  much  greater  range  of  conditions  than  are  indi- 
cated by  the  range  in  salt  content  to  the  depth  of  5  feet.  Crops  may 
make  a  moderate  growth  on  any  or  all  parts  of  this  class  of  land, 
and  there  are  places  near  the  lower  limit,  undoubtedly,  where  the  con- 
ditious  are  excellent  at  the  present  time,  because  the  salts  are  so  dis- 
tributed that  only  small  amounts  are  contained  in  the  first  and  second 
foot,  while  a  sufficient  amount  occurs  below  this  to  bring  the  average 
up  to  0.25  per  cent  or  more. 

This  condition,  while  giving  excellent  results  at  present,  is  dangeroas, 
because  the  salts  are  liable  to  move  toward  the  surface  unless  good 
underdrainage  is  provided. 

As  we  approach  the  upper  limit  on  this  class  of  land  the  other 
extreme  may  be  found  to  exist,  i.  e.,  an  accumulation  of  salts  at  the 
surface  in  sufficient  amount  to  kill  all  crops,  and  yet  the  quantity  of 
salts  be  sufficiently  small  in  the  lower  depths  to  bring  the  average  for 
5  feet  below  0.5  per  cent. 

The  Problrms  of  thb  Roswell  Area. 

It  has  been  shown  under  the  discussion  of  the  soils  that  the  aoouma- 
latiou  of  the  alkali  salts  in  the  surface  of  the  soil  is  in  all  cases  due  t» 
lack  of  drainage*  The  salts  which  are  present  now  near  the  surface 
were  once  buried  at  such  a  depth  as  to  be  of  little  or  no  damage  to 
plants,  and  this  translocation  has  been  brought  about  by  irrigatioo. 
The  water  supply  is  good;  therefore  the  salt  must  originally  have  come 
from  the  soil.    Much  of  the  land  has  already  suffered  from  accumob- 
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IS  of  salt,  SO  there  are  two  important  problems  before  the  farmer: 
St,  the  prevention  of  fiirther  damage  from  seepage  water  and 
ali  salts:  second,  the  reclamation  of  the  lands  already  damaged  or 
mdoned. 

U>swell  is  sitaated  in  a  large  grazing  coantry,  and  the  principal 
Bstry  is  cattle  and  sheep  raising.  The  agricaltore  is  largely  sap- 
mentary  to  the  range.  Alfalfa  is  the  principal  crop.  There  is,  how- 
ir,  a  growing  tendency  toward  fruit  raising  on  the  part  of  some  of 
t  farmers.  The  local  demand  for  frnit  is  great  enough  at  present  to 
I  all  of  the  fniit  produced,  but  there  is  danger  of  overstocking  the 
il  market,  and  thus  necessitating  the  shipment  to  distant  markets. 
Situated  as  it  is,  there  is  no  question  but  that  cattle  and  sheep  will 
ive  the  most  profitable  industry  toward  which  the  farmers  may  turn. 
e  success  of  the  Boswell  community  is  to  be  attributed  to  their 
lization  of  this  fact.  Since  alfalfa  ofiers  the  most  resAj  forage  crop, 
i  soil  should  be  in  the  best  condition  for  its  growth.  One  of  the 
St  essential  conditions  of  a  soil  in  an  alfalfa  field  is  good  drainage, 
folfa  roots  penetrate  deep  into  the  subsoil,  and  as  soon  as  standing 
iter  is  encountered  their  roots  cease  to  grow.  If  drainage  keeps  the 
rel  of  standing  water  down,  the  success  of  the  crop  is  insured.  Drain- 
a  also  removes  and  insures  no  further  damage  from  alkali. 

THE  HAGEBHAN  AREA. 

GEOLOGT   AND  TOPOGRAPHY. 

The  Hagerman  area,  or  Northern  Canal  system,  lies  about  the  center 
the  basin  formed  by  the  ancient  obstructions  in  the  Pecos  Kiver 
loat  Seven  Bivers.  The  Boswell  area  lies  near  the  northern  end  of 
e  same  basin.  This  basin,  cut  out  of  the  Bed  Beds  or  Permian  strata, 
more  or  less  filled  with  sediment  derived  from  these  rocks.  The  Bed 
Dds  contain  crystals  of  gypsum  scattered  throughout  their  sands  and 
avels,  and,  interstratified  with  the  beds  of  sand  and  clay,  heavy, 
assive  saccharoidal  gypsum.  It  is  to  the  solution  and  redeposition  of 
lis  gypsum  that  the  gypsum  of  the  soils  of  the  Boswell  area  is  mainly 
ae,  though  this  gypsum  in  the  soils  may  in  part  be  from  mechanical 
idimentation. 

The  Hagerman  area  lies  along  the  terraces  cut  by  the  Pecos  Biver  in 
te  .sediments  of  the  old  lake.  The  action  of  the  Pecos  has  been  aided 
y  the  streams  entering  from  the  west,  notably  by  the  Felix  and 
efiasco.  The  terraces  are  very  imperfect,  the  land  sloping  from  the 
Age  of  the  river  channel  gradually  upward  to  the  west.  On  the  east 
ide  the  Pecos  is  bounded  by  high  blufis. 


80IL8. 


The  soils  of  the  Hagerman  district  correspond  very  nearly  to  the 
toils  of  the  Boswell  area.  On  the  lowest  lands  lying  close  to  the  Pecos 
uver  daue  sands  and  sandy  loams  form  the  predominating  soil  types, 
"lese  are  usually  well  drained  from  their  nearness  to  the  river  chan- 
^ithoagh  occasionally,  even  when  apparently  in  the  most  favorable 
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conditions,  these  lands  are  found  wet  and  in  need  of  drainage.    CNi 
level  lands  immediately  around  Hagerman,  the  soil  is  heavy  and 
spends  very  nearly  to  the  Boswell  loam.    Around  this  are 
gypsum  soil,  which  is  exposed  in  drains  to  the  south  of  H^ 
The  discussion  of  the  cultivation  of  this  gypsum  land  will  be  d< 
until  it  is  considered  under  the  Oarlsbad  area,  where  it  is  more 
cally  developed. 

Upon  the  uplands  of  the  Hagerman  area  and  above  the  canal 
Pecos  loam,  similar  to  the  upland  soil  at  Roswell,  is  typically  d< 
oped.    This  area  of  soil  is  a  continuation  of  the  Roswell  area 
soil  map  has  not  been  drawn  of  the  Hagerman  area,  as  a  short 
only  was  spent  in  reconnoissauce  of  the  soils.    The  great  similaritjj 
this  district  to  the  Roswell  and  Carlsbad  soils,  however,  will 
the  conclusions  drawn  from  them  to  be  readily  applied  to  the 
man  conditions. 

THB  WATBR  SUPPLY. 

The  Northern  Canal  heads  in  a  dam  across  the  Hondo  River  dii 
east  of  Roswell.  This  dam  collects  and  directs  into  the  canal 
unused  and  waste  water  from  the  Berendo  and  North  Spring  ri^ 
also  from  the  Hondo  in  times  of  flowing  in  that  stream  above  Roswofi 
A  great  deal  of  8eei)age  and  drainage  water  is  collected,  which,  togethrfl 
with  the  salt  from  the  Berendo  water,  renders  the  Northern  Canal  watd 
salty.  At  the  point  where  the  Northern  Canal  crosses  the  South  Spriag 
River  a  second  diverting  dam  collects  the  water  of  that  stream.  Tfaid 
also  contains  quantities  of  seepage  and  drainage  water.  The  averafl 
condition  of  the  Northern  Canal  water  is  shown  by  the  following  anal- 
ysis by  Prof.  B.  M.  Skeats,  of  Carlsbad,  N.  Mex. 

Parte  per 
100,000. 

NaCl 65 

CaCOa 17 

CaS04 51 

MgS04 25 

KsSO^ 


SO,  ] 


, 28 

Na.804  5 

Silica,  alumina,  and  iron 2 

Water  of  crystallization 19 

Total  Bolide 202 

Of  these  salts  calcium  carbonate,  calcium  sulphate,  the  silicon,  iron, 
and  alumina  compounds,  with  much  of  the  water  of  crystaUization, 
amounting  in  all  to  89  parts,  ma;y  be  disregarded,  since  upon  the 
evaporation  of  the  water  these  compounds  crystallize  out  and  do  not 
collect  in  the  soil  in  sufficient  quantity  to  be  of  harm  to  vegetation. 
Thus  the  harmful  salts  of  the  water  are  present  in  the  proportion  of 
113  parts  of  salt  to  100,000  of  water. 

UNDERGROUND   WATBR. 

The  wells  above  the  canal  are  from  00  to  100  feet  deep,  with  water  at 
about  60  feet.    The  water  in  all  of  these  wells  is  good,  containing  about 
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parts  of  soluble  matter  per  100,000.  Of  the  land  below  the  canal, 
rt  of  it  has  already  beoome  so  wet  that  underdrainage  is  necessary, 
onnd  the  town  of  Hagerman  water  is  found  in  places  as  near  the 
!&ce  as  3  feet.  Daring  the  four  years  daring  which  irrigation  has 
m  practiced  the  entire  character  of  the  vegetation  aroand  Eager- 
so  has  been  changed  from  grama  and  other  prairie  grasses  to  salt 
188.  The  change  has  been  broaght  about  almost  entirely  by  under- 
mnd  seepage  waters  and  alkali. 

ALKALI  OF  THK  SOILS. 

the  condition  of  the  soils  of  the  Hagerman  area  correspond  exactly 
the  conditions  existing  at  Boswell.  The  cause  of  the  present  condi- 
us,  however,  includes  one  factor  which  was  noted  as  unimportant  in 
ftRoswell  area;  that  is,  the  amount  of  alkali  in  the  irrigation  water. 
16  application  of  each  acre-foot  of  Northern  Oanal  water  adds  3,000 
onds  of  salts  to  the  soil.  Such  salts,  if  allowed  to  accumulate  by 
iporation  of  the  water,  would  soon  so  impregnate  the  soil  with  alkali 
it  crops  would  not  grow.  Allowing  2^  acre-feet  per  year,  in  two  years 
i^OOO  pounds  of  soluble  matter  would  have  accumulated,  or  enough  to 
went  profitable  cultivation,  provided  all  of  the  salt  was  retained  by 
IS  surface  foot  of  soil.  This  rapid  accumulation  may  easily  be  pre- 
nted  by  washing  the  accumulated  salts  from  the  previous  irrigation 
>wn  into  underground  drainage.  Another  successful  method  is  to 
tow  soil-shading  crops  which  prevent  the  rapid  evaporation  from  the 
ii&ce  of  the  soil,  so  that  less  water  is  needed  in  irrigation.  Gultiva- 
on  oflfers  the  most  effective  method  of  preventing  evaporation  from 
IS  soil's  sur&ce,  and  this  should  be  careftdly  followed  out  in  the 
rowth  of  all  crops  which  allow  cultivation. 

PROBLEMS    OF  THE   DISTRICT. 

The  problems  of  the  Hagerman  district  are  very  similar  in  character 
0  the  problems  of  the  Boswell  district.  The  accumulation  of  alkali 
Kits  mast  be  prevented,  and  the  excess  already  present  must  be 
emoved.  The  leakage  from  canals  and  laterals,  particularly  in  the 
ue  of  water  containing  alkali  salts,  is  one  of  the  most  potent  sources 
f  trouble.  The  loss  from  the  canal  in  running  through  the  sandy  and 
[nvelly  soils  is  great.  In  the  case  of  the  main  canal  1  cubic  foot  per 
>M)nd  is  lost  for  every  mile.  This  water,  seeping  under  the  ground, 
(^oally  Alls  up  the  subsoil  until  capillary  force  lifts  the  water  to  the 
"if&oe,  where  it  evaporates  leaving  the  alkali. 

OABLSBAD  ABBA. 
Geology. 

'Rie  Carlsbad  area  lies  entirely  in  Eddy  Oounty,  New  Mexico,  along 
both  Bides  of  the  Pecos  Biver.  The  irrigation  district  lies  in  a  basin 
cut  off  on  the  north  by  a  canyon,  through  which  the  Pecos  runs,  and  on 
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the  soath  by  canyons  and  rough  country  from  below  the  Black  River  j 
the  Texas  line.  This  basin  is  undoubtedly  the  site  of  an  ancient  lak 
bounded  on  the  west  by  the  foothills  of  the  Guadalupe  MountAins, « 
the  east  by  the  scarp  of  the  Staked  Plains.  The  entrance  to  and  ei 
from  this  basin  were  through  narrow  gorges  cut  in  the  hard  carbonift 
ous  rock  of  the  foothills.  The  sediments  form  the  present  soils  of  tl 
district,  modified  to  a  great  degree  by  the  Pecos  and  the  drifting  actii 
of  the  wind.  The  elevation  of  the  country,  or  more  likely  the  cattb 
away  of  the  dam  below  Black  Biver,  placed  the  Pecos  in  xK>aitioD  i 
commence  the  removal  of  the  lake  sediments.  The  river  has  beg^n  tl 
cutting  and  has  already  worn  down  to  its  hard  rock  over  part  of  tl 
district,  and  has  commenced  meandering  in  its  bed,  forming  broad  sm 
treacherous  sand  bars.  At  other  points  in  its  course  the  Pecos  h»A  woi 
down  to  the  conglomerate  which  lies  at  the  base  of  the  lake  sedimenti 
The  water  supply  of  the  Oarlsbad  area  is  derived  entirely  from  tl 
Pecos  Biver.  The  original  plans  for  irrigation  contemplated  takmi^tt 
water  direct  from  the  river  with  a  storage  reservoir  6  miles  above  Caik 
bad,  with  a  capacity  of  7,000  acre-feet.  The  situation  of  the  dam  is  ii 
a  canyon  with  limestone  walls,  offering  a  natural  abutment  for  the  end 
of  the  dam.  This  storage  reservoir  proving  inadequate,  a  second  reser 
voir  was  constructed  17  miles  above  Carlsbad,  near  Seven  Bivers.  Tho 
dam  forms  a  lake  8  miles  long  and  of  an  average  width  of  If  miles,  witb 
a  storage  capacity  of  140,000  acre-feet. 

Soils. 

Map  4  accompanying  this  report  shows  the  soils  of  the  Oarlsbad  area 
Four  distinct  types  of  agricultural  soil  have  been  recognized  and  named, 
each  type  being  di£ferent  in  its  relation  to  irrigation  waters  and  alkali 
and  to  vegetation.    These  types  are  as  follows: 

1.  Pecos  sands. 

2.  Pecos  sandy  loams. 

3.  Pecos  conglomerate  soil. 

4.  Gypsum  loam  or  "yeso.'' 

THB  PECOS  SANDS. 

Along  the  Pecos  River,  filling  up  the  tortuous  bends  of  its  course,  are 
areas  of  sands  blown  about  by  the  winds.  The  characteristic  vegeta- 
tion of  mesquite,  yucca,  and  cauaigre  in  a  great  measure  prevent  the 
drifting  of  these  sand  dunes.  The  mesquite  forms  small  dunes  around 
its  roots,  and  as  the  dunes  build  up  the  mesquite  extends  its  roots, 
keeping  on  top  of  the  dunes.  In  this  way  dunes  8  to  10  feet  high  are 
formed  with  mesquite  growing  on  the  top.  This  dune  sand  is  composed 
of  rounded  grains  of  quartz  with  smaller  quantities  of  g3rp8um  and  lime- 
stone.   The  texture  of  the  dune  sand  is  shown  in  the  following  table: 
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Diuneter. 


MUHmeier. 
2         tol 
1         too.  5 
0.5     to  .Si 
.25  to  .1 
.1     to  .05 
.06   to  .01 
.01   to  .005 
.005to  .0001 


CoDTontional  namM. 


4004. 

Cwltbiid,2 

milM  KW., 

OtoO 

inches. 


Qrarel 

Coarse  sand — 
Medium  Band.. 

Fine  sand 

Vexyflnesaad. 

Bilt 

Fine  silt 

CUy 


Loss  at  110^  C  .. 
Loss  on  ignition 


P«reml. 

0.00 

.00 

.22 

70.25 

21.50 

2.70 

.43 

4.22 

.48 

.36 

This  type  of  sandy  soil  is  from  its  textare  well  adapted  to  truck 
fiurming  and  root  crops.  Melons,  potatoes,  and  small  fruit  grow  well 
on  this  soil.  It  forms  the  soil  of  La  Huerta,  that  part  of  Oarlsbad 
north  of  the  Pecos  Biver  and  immediately  adjoining  the  town.  There 
are  narro^vr  strips  of  this  soil  found  along  the  river  as  far  south  as  the 
area  was  examined.  Such  a  soil  is  not  apt  to  be  rich  in  plant  food,  but 
m  the  forcing  of  fruit  and  early  vegetables  this  is  not  so  necessary  as 
ease  of  cultivation. 

The  vir^n  Pecos  sand  contains  very  little  alkali.  Examinations 
were  made  at  points  all  over  the  area  of  the  portion  mapped  out, 
and  in  no  case  was  natural  accumulation  of  alkali  found.  The  alkali 
pt>ftle,  in  Figure  2a,  shows  the  per  cent  of  alkali  in  two  typical  soils,  one 
never  irri^T^ted  and  the  other  irrigated.  It  will  be  seen  that  the  irri- 
gated soil  on  the  average  carries  a  little  more  alkali  than  the  virgin  soil. 


THE  PBCOS  8ANDT  LOAM. 


This  is  tbe  most  important  type  of  soil  in  the  Carlsbad  area  and 
covers  the  in'eater  part  of  the  irrigable  land  under  the  Southern  Oanal. 
This  loam  is  very  similar  in  character  and  texture  to  the  Pecos  sandy 
loam  at  Roswell. 

The  accompanying  table  shows  the  average  texture  of  the  soil. 

Meekanieal  analjf$€9  of  Peeo»  sandy  loam  $oil$. 


IMameter. 


MUUm^Un. 

2  tol 

I  to  0.5 

0.5  to   .25 

25  to   .1 

.1  to    .05 

.05  to    .01 

.01  to    .060 


Conventional  names. 


Gravel 

Coarse  sand 

Medium  sand.. 

Fine  sand 

Very  fine  sand. 

Silt 

Fine  silt 


.005  to   .0001  ;  CUy 


Salts  dissolved  in  1|  liters  of  water, 

used  in  meohanical  analyses 

LoanatllO^C 

Loss  on  ignition 


4067. 

4068. 

i  miles. 

1|  miles  S. 

Otis, 

Otis, 

N.Mex., 

N.  Mez., 

0tol2 

0tol2 

inches . 

inches. 

Ptreent. 

Per  cent. 

0.00 

0.00 

Trace. 

Trace. 

1.82 

L65 

10.20 

12 

36.30 

4L46 

19.10 

10.27 

3 

10.45 

18.66 

18.72 

4 

2 

2.60 

2,67 

4.70 

2.45 
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The  mechanical  analyses  of  4067  and  4068  represent  typical  soil 
the  Pecos  sandy  loam.  These  soils  in  the  field  appear  much  lighter  ii 
texture  than  the  mechanical  analysis  would  indicate.  A  micro8copicii| 
examination  of  the  soils  was  made  to  see  the  cause  of  this.  Under  th4 
microscope  a  great  many  particles  were  found  to  consist  of  little  con 
glomerates  of  clay  cemented  by  lime*  These  particles  upon  shaking  i^ 
the  mechanical  analysis  gradually  disintegrated,  forming  a  soil  wbiel 
contained  32  per  cent  of  clay.    Since  a  mechanical  analysis  made  ii 
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In  Pecos  saDd. 

Before  irrigatioD. 

After  Irrigation. 


b.  In  Pecos  sandy  loam. 

Original  soiL 

Irrigated  soiL 


snbirrigatod  soil 

Fia.  2.^D{agrain  showing  salteontant  to  depth  of  6  feet. 

this  way  did  not  represent  true  field  conditions  analyses  were  made 
with  only  euough  shaking  with  water  to  wash  off  the  loose  clayey  par- 
ticles. Also  in  soils  containing  gypsum  and  lime,  the  water  used  for 
the  mechanical  analysis  dissolved  a  quantity  of  the  gypsum  and  lime. 
This  amount  is  indicated  in  the  table  as  soluble  in  water,  but  must  not 
be  taken  to  represent  the  per  cent  of  alkali  salts. 

In  the  field  the  breaking  down  of  the  particles  is  observed  in  spots 
continuously  wet,  and  even  with  a  normal  amount  of  moisture  the  soils 
have  become  a  little  heavier  by  this  disintegration.  In  some  parts  of 
the  area  this  disintegration  of  the  soil  has  gone  ou  since  irrigation  com- 
menced, and  now  we  have  irrigated  soils  which  are  heavier  than  non- 
irrigated  soils  situated  under  the  same  conditions* 

The  alkali  profile  given  in  figure  2b  shows  the  per  cent  of  alkali  salt 
in  the  soil  under  three  conditions:  (1)  The  virgin  soil;  (2)  the  soil 
after  irrigation,  where  drainage  is  good;  and  (3)  the  soil  where  irri- 
gated when  the  drainage  is  poor  or  when  subirrigated.  The  texture 
profile  on  the  soil  map  shows  the  soil  to  be  composed  of  nearly  all  (93 
per  cent)  sand  to  a  depth  of  6  feet.  Situated  as  these  sands  are, 
along  the  banks  of  the  river,  the  drainage  is  normally  good  and  the 
salt^  which  originally  is  found  in  the  subsoil,  is  readily  leached  out  sod 
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rried  away.  Where  tliis  drainage  is  defective  tlfe  eyai)oration  from 
» surface  is  sufficient  to  rapidly  concentrate  the  soil  solutions  and 
)  alkali  salts  accumulate  at  the  surface.  Such  a  state  of  affairs  is 
md  along  the  foot  of  the  gravel  bluffs,  in  sees.  8,  9,  10, 14,  and  15,  of 
22  S.,  E.  27  E.  (See  map  5.)  Here  the  water  in  seeping  out  from 
)  conglomerate  bluffs  has  swamped  an  area  of  land  and  the  rapid 
ftporation  of  the  water  is  swiftly  producing;  an  alkali  flat. 
The  Pecos  sandy  loam  contains  about  20  per  cent  of  carbonate  of 
le.  So  much  lime  is  objectionable  to  a  great  many  plants,  but  fortu- 
tely  the  class  of  plants  grown  in  the  Pecos  Valley  are  tolerant  of 
le.  The  humus  content  of  the  soil  is  low,  as  is  true  of  many  of  the 
id  climate  soils.  Since  the  humus  is  the  principal  element  of  uitro- 
n,  this  element  is  perhaps  the  element  most  needed  in  the  Pecos 
dley  soils. 

Ihe  x)lowing  under  of  alfalfa  is  found  to  be  of  great  benefit  to  sugar 
ets,  due  to  the  addition  of  the  nitrogenous  organic  matter  of  the 
ialfa.  The  practice  of  plowing  under  alfalfa  has  not  been  general, 
lee  the  cost  of  seeding  and  starting  alfalfa  is  heavy.  The  first  year's 
op  is  not  sufficient  to  pay  for  the  cost  of  planting.  There  are  other 
luminous  crops  which,  without  doubt,  could  be  grown  in  the  valley, 
id  could  be  turned  under  with  profit. 

The  question  of  fertilizing,  either  with  green  manures  or  chemical  fer- 
izers,  is  one  which  farmers  of  the  West  are  very  loath  to  consider, 
^esteru  soils  are  usually  rich  soils,  but  in  some  districts  even  the 
rgiu  Hoils  are  i)oor.  Particularly  is  this  true  of  soils  in  the  true  arid 
gions,  where  the  native  vegetation  is  scanty  and  the  humus  content 
the  soils  very  low.  The  yield  of  sugar  beets  per  acre  upon  the  Pecos 
am  averages  less  than  5  tons  per  acre.  This  low  yield  is  due  partly 
»lack  of  proper  plant  food  within  the  soil.  No  experiments,  so  far  as 
iiown,  have  been  conducted  on  the  effect  of  fertilizers  other  than 
falfa  upon  the  growth  of  beets  or  other  crops.  This  defect  in  the  soil 
'  realized  by  the  far:ners  at  present,  and  improvement  in  their  methods 
r  haudliug  the  soils  is  looked  for  in  the  near  future. 

PKCOS   CONGLOMERATE   SOIL. 

Underlying  the  Pecos  sandy  loam  throughout  the  area  examined  is 
Hind  a  bed  of  gravel  or  conglomerate.  This  conglomerate  is  exposed 
ver  many  points  in  the  area,  and  whenever  so  exposed  its  disintegra- 
tou  gives  rise  to  a  gravelly  soil.  This  loose  material  is  usually  2  feet 
Icep,  underlaid  by  gravel  or  conglomerate.  The  table  following  illus- 
rates  the  texture  of  the  soil.  No.  4069  contained  19.3  and  4070  con- 
ained  26.1  per  cent  of  coarse  gravel. 
H.  Doc.  399 5 
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Presenting  as  it  does  such  a  larfte  percentage  of  gravel,  this  soil  ^ 
difflenlt  to  cultivate.  Water  readily  leaches  through  it,  aud  it«  irrifl 
tion  woaia  require  lug 
heads  of  water  to  can 
short  distances.  Very  lit^ 
of  this  gravelly  land  IH 
been  cultivated.  The  aH 
is  seen  to  be  targe,  and 
land  becomes  scarcer 
more  valuable  there  will 
doubt  be  a  demand  for 
gravelly  soil. 

The  ready  penetration  d 
the  water  in  this  soil  mak^ 
low-lying  areas  of  it  nnow 
taiu,  for  water  seepiog  q 
flroni  below  through  the  co* 
glomerate  soon  swamps  tia 
overlying  soil. 

The  canal  over  part  of  itt 
course  runs  through  theco* 
glomerate.  At  these  poina 
quantities  of  water  seep  orf 
of  the  bed  and  through  tin 
conglomerate  to  appear  low- 
er down.  The  alkah  flats  t| 
several  sections  have  betfj 
formed  in  this  way  ftom  tH 
seepage  water  out  of  tb^ 
conglomerate  blaflf  into  tta 
sandy  soils  along  the  rita 
bottoms. 

This  permeability  of  tb« 

conglomerate  offers  one  iJ 

the  great   sources  of  il^ 

if  ger    from   seepage  watei^ 

Fio.  3.  -Di«gr«n  of  orohert  sbowlnB  deptli  lonlandliig  waUr.  ThOUgh  it  OffeTS  a  rOftdj  W*" 

nral  underdrainage  for  part  of  the  u])land,  it  is  in  the  same  way  a  gre»t 
source  of  damage  to  the  low-lying  lands.    Draws  and  flats  adjaceot » 
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e  hills  of  conglomerate  receive  as  seepage  water  the  drainage  from 
e  api>er  lands. 

Figure  3  shows  the  depth  to  standing  water  in  an  orchard  near  Carls- 
Mi  being  injured  by  seepage  water  and  alkali  coming  from  under ^he 
Dglomerate.  The  arrow  shows  the  direction  of  the  underground 
ainage  toward  the  Pecos  Biver.  The  surface  of  the  orchard  is  nearly 
rel  and  about  20  feet  above  the  river.  This  shows  the  influence  of 
e  good  drainage  along  the 
rer  bank,  in  lowering  the 
vel  of  the  standing  water. 
Figure  4  shows  the  soluble 
It  content  of  the  surface  foot 
the  orchard  and  the  influ- 
lee  of  the  good  drainage 
ong  the  Pecos  Hiver.  The 
lation  of  these  lines  to  the 
lunage  lines  in  figure  3  is 
sry  apparent. 


GYP8UM  IX»AM   OR   "YB80. 
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.The  soil  map  shows  a  large 
re^lar-shaped  area  of  gyp- 
un  soil  north  of  Black  Biver 
nd  another  area  south  of 
lack  Biver,  around  Malaga. 
This  gypsum  or  "  yeso,"  as 
le  native  Mexicans  term  it, 
oBsesses  marked  x>^ulid^i* 
les  which  merit  a  careful 
tady. 

The  material  is  eomx>osed  (^l 
f  nearly  pure  gypsum  in  a  o| 
Tanular  form.  When  dry  it 
^  hard  and  compact,  but 
ipon  wetting  it  absorbs  water 
^ut  as  readily  as  a  lump  of 
iigar  and  breaks  down  into  a 
*>ft  mass  which  is  very  i)er- 
'ioos  to  water. 

Mechanical  analyses  of  this 

material    are    very    indefinite     JFio.  4.— Diagnm  of  orchard  slioiwiiig  soluble  salt  content 

:>«caa8e  the  particles  are  so  °'  •°'''»*^  ^~*- 

K>ft  that  they  break  up  by  agitation  with  water.  The  area  mapped  as 
SyiAum  Boil  does  not  everywhere  have  the  gypsum  on  the  immediate 
"'^ace,  but  in  nearly  all  places  is  covered  with  a  thin  layer  of  loam, 
deriyed  from  the  decomi)osition  of  the  gypsum  or  deposition  by  wind 
»nd  water  of  other  material.  This  loam  varies  in  thickness  from  a 
fraction  of  an  inch  to  3  feet  in  depth. 
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The  composition  of  the  gypsum  loam  is  shown  in  the  accompanyini 
table: 

Mech^inical  analytes  of  gypsum  loam  soils. 


Diameter. 


MiUimetera. 
2        tol 
1        too.  5 
0.5     to  .25 
.25  to  .1 
.1     to  .05 
.05   to  .01 
.01   to  .005 
.005to  .0001 


Conventional  names. 


4071. 


4074. 


Gravel 

Coarse  sand  ... 
Medium  sand.. 

Pine  sand 

Very  fine  sand. 

Silt 

Fine  silt 

Clay 


Percent.       Percent. 


Salte  dissolved  in  U  liters  of  water 

used  in  mechanical  analyses 

Loss  at  110°  C. 

Loss  on  i  gni tion 


Trace. 
2.2C 
0.42 
38.47 
12.67 
10.87 
19.70 


1.90 
3.03 
3.41 


2.58 
14.25 
37.13 
13.95 

8.88 
15.46 


2.34 
2.80 
3.27 


The  most  important  physical  property  of  the  gypsum  is  its  capillai] 
power.  When  compared  witli  another  soil  this  property  of  the  gypsun 
is  remarkable.  Wet  spots  have  been  observed  in  a  field  where  oi 
boring  water  could  not  be  found  within  6  feet  of  the  surface. 

A  tube  filled  with  the  gypsum  soil  w^as  placed  with  its  lower  end  in 
water  and  the  height  to  which  the  water  rose  was  determined  every 
day.    The  following  tabic  shows  the  results  of  the  experiment: 


Time. 


16  minutes 
45  minutes 

1  hour 

2  hours  . . . 
6  hours  . . . 
24  hours . . 

2  days.... 

3  days 

4  days  .... 


Peoos 

Pecos 

eypsum. 
neiffht  in 

dune  sand. 

height  in 

inches. 

inches. 

Jt 

in 

3 

13 

6 

14 

H 

17 

m 

m 

24 

lOi 

271 
82 

^ 

Time. 


6  days 

7  days 

8  days 

9  days 
10  days 

13  days 

14  days 

15  days 
25  days 


Peoos 

height  in 
inches. 


dnneaaad. 

heiirbtiB 

incbea. 


52 
53 
58 


At  the  time  the  top  of  the  tube  was  wet  the  water  was  slowly  rising, 
and  no  doubt  would  have  risen  several  inches  higher.  This  great 
capillarity  is  of  special  importance  and  must  be  fully  considered  before 
reclamation  by  irrigation.  The  surface  of  the  soil  is  kept  moist  all  the 
time  and  the  rapid  evaporation  from  the  surface  causes  the  deposition 
of  the  alkali  salts.  It  is  undoubtedly  this  physical  property  which 
renders  the  cultivation  of  the  gypsum  soils  so  difiicnlt  in  the  Pecos 
VaUey.  The  New  Mexico  Experiment  Station  has  shown  that,  in  itself 
the  gypsum  is  not  harmful  to  plant  growth,  but  in  districts  where  water 
contains  alkali  salts  the  cultivation  of  the  gypsum  can  not  be  recom- 
mended. 

One  of  the  most  serious  difficulties  in  the  way  of  reclamation  of 
gypsum  lands  would  be  their  proper  drainage.  Oanals,  ditches,  and 
laterals  when  passing  through  the  gypsum  are  found  to  lose  quantities 
of  water  by  seepage,  both  lateral  and  downward.  Cavities  and  under- 
ground channels  are  dissolved  out  in  the  gypsum,  which  makes  it  veij 
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RcnJt  to  drain  the  soil.  Open  drains  have  been  seen  in  which  the 
kter  would  flow  in  from  one  side,  directly  across  the  drain,  and  out 
x>  the  subsoil  on  the  other  side.  The  great  deptli  from  which  water 
raised  by  the  gypsum  would  necessitate  the  placing  of  the  drains 
dper  than  usual.  Open  drains  can  not  be  used,  for  the  gypsum  erodes 
easily  that  the  drains  are  not  easily  controlled.  The  irrigation  lat- 
bis  on  the  gypsum  area,  if  run  on  a  steep  grade,  cut  deep  trenches 
d  till  up  the  subsoil  with  the  water  which  seeps  from  their  sides  and 
ttoms.  Plate  YI  shows  such  a  lateral,  which  has  cut  a  trench  in  places 
feet  deep  in  the  gypsum.  The  virgin  gypsum  carries  small  quan- 
ies  of  alkali  salts  in  nearly  all  places  examined,  but  at  no  point  was 
accumulation  of  alkali  salts  encountered.  A  very  different  state  of 
urs  is  seen  after  the  gypsum  has  been  irrigated.  The  top  of  the  soil 
m  becomes  crusted  over  and  the  growth  of  agricultural  plants  pre- 
nted.  Even  where  not  cultivated,  but  in  the  vicinity  of  ditches  and 
igated  fields,  the  subirrigation  of  the  gypsum  is  so  great  as  in  a  few 
ars  to  destroy  all  vegetation  which  can  not  withstand  quantities  of 
tali. 

From  our  present  kuowle<lge  of  the  subject,  the  cultivation  of  pure 
psam  soils  is  to  be  discouraged  in  the  Pecos  Valley. 

The  Water  Supply  of  the  Carslsbad  District. 

The  irrigation  water  of  the  Carlsbad  district  is  obtained  by  storage 
the  Pecos  water.  It  has  been  shown  that  the  normal  How  of  the 
fer  is  all  from  springs  situated  along  its  middle  and  lower  courses  in 
Bw  Mexico.  This  water  contains  more  or  less  alkali  in  solution  all 
the  time,  and  in  standing  in  reservoirs  the  evaporation  from  the 
irfeee  serves  further  to  concentrate  the  water.  The  evaporation  in 
like  McMillan  has  been  found  to  be  as  much  as  4^  inches  per  week, 
id,  though  authentic  records  are  not  at  hand,  the  eva{)oration  from  a 
ater  surface  is  estimated  to  be  about  10  feet  of  water  per  year.  This 
f«tt  evaporation  from  the  surface  of  a  large  reservoir  is  a  very  im- 
yttskut  item  in  the  engiueering  of  a  storage  system  for  the  southwest, 
^timates  by  the  engineer  of  the  Southern  Canal  system  at  Carlsbad 
aring  the  summer  of  1899  showed  that  during  several  weeks  of  May 
ftd  .lone  the  evaporation  from  the  large  reservoir  exceeded  the  inflow 
Dill  the  Pecos  by  as  mach  as  25  cubic  feet  per  second.  The  inflow 
K>Di  the  Pecos  is  at  a  minimum  during  the  winter  and  early  spring, 
Dd  the  evaporation  during  this  time  continues  to  concentrate  the 
^ater,  so  that  when  the  water  is  first  needed  for  young,  tender  plants, 
nch  as  sugar  beets,  it  is  in  its  worst  condition.  The  first  floods,  which 
•ccar  generally  in  May  or  June,  bring  down  large  quantities  of  salt 
rhich  have  accumulated  in  the  salt  drains  of  the  upper  Pecos.  These 
^8  seldom  improve  the  condition  of  the  water.  Later  floods  fur- 
U8h  the  purest  water  of  the  season,  and  it  is  upon  these  floods  of  pure 
irater  that  the  farmer  should  depend,  if  possible. 
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From  analyses  by  Prof.  £.  M.  Skeats,  of  Carlsbad,  the  condition  of 
the  water  has  been  found  to  vary  from  510  parts  solable  matter  in 
100,000  parts  of  water  found  in  the  first  floods,  to  243  parts  found  in 
the  later  floods,  with  an  average  of  310  parts.  Professor  Skeats  gives 
the  following  as  the  average  composition  of  the  soluble  matter  m  the 
Pecos  water : 

Parts 
perlOO,00a 

NaCl 98 

CaCO, 11 

CaSO^ 130 

MgSO^ 49 

KjSO^ , 5 

Silica,  aiumiDa,  and  iron 2 

Water  of  crystallization,  etc 15 

Total  salts 310 

Of  this  it  will  be  seen  tliat  152  parts  per  100,000  are  salts  likely  to 
accumulate  in  the  soil  solutions  and  ii,ijui*e  plants.  The  application  of 
2J  acre-feet  of  water  would  add  10,000  pounds  of  soluble  saltsto  the 
soil,  and,  since  15,000  pounds  can  be  taken  as  the  maximum  amount 
allowable  in  the  surface  foot  of  the  soil,  1^  years  only  would  be 
required  so  to  fill  the  soil  with  alkali  that  agriculture  would  be  uuprof 
itable.  This  salt,  however,  is  not  all  deposited  in  the  surface  foot,  but 
is  distributed  in  the  soil  as  deep  as  the  water  penetrates,  and  if 
eiumgli  water  is  added  to  wet  down  to  the  level  of  standing  water  part 
of  the  salt  left  from  the  evaporation  of  the  previous  irrigation  is  washed 
away. 

During  June,  1899,  a  sample  of  the  water  from  the  main  canal  near 
Carlsbad  was  taken.  A  chemical  analysis  of  this  sample  was  made 
by  Dr.  Frank  K.  Cameron,  chemist  of  this  division,  with  the  following 
result: 

ParU 

per  100,000. 

Ca804 161.64 

Mg804 2.16 

Na»S04 59.98 

NaCl 168.16 


391.91 
UndiBBolvod  after  evaporation 43. 28 


Total  salts 435.22 

The  water  at  the  time  this  sample  was  taken  was  said  to  be  so  cod- 
eentrated  as  to  injure  young  sugar-beet  plants.  The  osmotic  pressure 
of  a  solution  is  the  determining  factor  in  its  action  toward  plants;  tbe 
water  at  this  time  contained  about  one  lialf  as  much  salt  in  actual 
solution  as  could  be  endured  by  most  plants.  To  this  salt  was  added 
that  already  within  the  soil,  so  that  the  delicate  rootlets  were  immersed 
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in  a  solution  almost  as  concentrated  as  they  were  able  to  stand. 
Under  tlie  intense  heat  of  the  sun  of  southern  New  Mexico  this, 
solution  soon  evaporates  so  much  near  the  surface  that  it  concentratei, 
beyond  the  limit  of  plant  growth.  In  the  solution  outside  the  rootlets  { 
the  osmotic  pressure  becomes  higher  than  the  osmotic  pressure  inside; 
the  rootlets,  and  the  plant  dies  of  thirst  though  in  the  jireseuce  of 
plenty  of  moisture. 

Figure  5  gives  a  graphic  idea  of  the  salt  content  of  the  water  in 
different  parts  of  the  valley. 

Undkrground  Water. 

One  of  the  maps  accompanying  this  report  shows  the  depth  toJ 
water,  measured  from  the  surface  of  the  ground.*  The  map  indicates ; 
by  the  shades  the  three  conditions  .of  the  land:  (a)  Water  more  thaa 
10  feet  below  the  surface;  (/>)  water  between  3  and  10  feet;  (r)  water; 
3  feet  or  less. 

The  general  condition  of  the  vegetation  throughout  the  area  watered  ' 
by  the  Southern  Canal  system  is  not  healthy.  Crops  are  more  subject  I 
to  disease  than  is  the  case  under  similar  conditions  in  humid  climate&  < 
Sugar  beets  are  subject  to  a  root-rot;  fruit  trees  aufler  from  somethiDjr 
similar,  and  even  alfalfa  has  a  disease  which  attacks  the  roots.  This 
unhealthy  condition  can  be  attributed  to  the  condition  of  the  irri- 
gation water.  Plants  with  their  roots  immersed  in  a  solution  of  thi* 
concentration  of  the  irrigating  water  from  the  Southern  Canal  are 
weakened  and  the  germs  of  disease,  which  seem  to  be  present  in  all  of 
the  soil,  are  enabled  to  attack  the  })lant,  weakening  it  further.  Thiis 
root  disease  is  difficult  to  deal  with,  since  the  application  of  sprays  to 
the  roots  is  an  impossibility.  Some  benefit  has  been  claimed  from  the 
application  of  copperas  around  the  roota  of  the  trees. 

The  depth  of  wells  over  the  greater  part  of  the  district  was  at 
least  40  feet  originally;  at  present  water  can  be  found  over  nearly  the 
whole  of  the  irrigated  land  at  less  than  20  feet.  In  some  of  the  wells 
which  were  dug  40  feet  eight  years  ago  water  stands  now  at  a  deptb 
of  5  to  10  feet  during  the  irrigating  season.  In  the  w^inter,  after  the 
water  has  been  taken  out  of  the  canals  and  laterals,  the  water  slowly 
lowers  in  the  wells.  As  soon  as  the  water  is  turned  in  the  main  eanai 
the  level  in  the  wells  begins  to  rise,  even  before  the  irrigation  com- 
mences on  the  lands  around  the  wells.  That  the  loss  from  canals  aod 
laterals  is  the  greatest  source  of  seepage  water  in  irrigation  districts 
is  a  fact  which  is  coming  to  be  generally  recognized.  There  is  withoat 
doubt  much  seepage  water  from  overirrigated  land,  but  the  loss  from 
constantly  running  canals  and  laterals  far  exceeds  this.  The  loss  from 
the  canals  of  the  Carlsbad  district,  while  not  great  when  compared  with 
the  loss  of  canals  of  other  districts,  is  great  enough  to  cause  serious 
damage.  The  canal  in  crossing  the  beds  of  gravel  and  conglomerate 
loses  appreciably  by  seepage.    The  following  measurements  of  loss  m 


»  •  •       » 


•  •  1- 


•  «> 


"-^    "       ''        «• 


•  _  •• 


CABL8BAD    AR£A — UNDEBGUOUND  WATER.  73 

Dglomerate  will  illastrate  this  point.  In  ranning  tliroagh  the  con- 
omerate  directly  west  of  Carlsbad  the  canal  loses  4  cubic  feet  of  water 
*r  second  in  a  distance  of  I  mile.  While  this  loss  is  not  great  when 
mpared  with  some  Colorado  canals,  as  reported  by  Carpenter,  yet  the 
ect  of  this  alkaline  water  has  been  seriously  felt  in  the  flat  to  the 
)8tof  the  town,  immediately  along  the  foot  of  the  gravel  hill.  The 
tderground-water  map  shows  an  area  in  which  water  approaches  to 
thin  3  feet  of  the  surface.  The  greater  part  of  this  water  is  the 
epage  from  the  canal,  while  part  is  due  to  the  laterals  in  the  town. 
16  water  has  accumulated  to  such  a  degree  and  has  become  concen- 
iUsd  to  such  an  extent  by  evaporation  that  the  park  trees  and  cotton- 
)od8  have  suffered  and  many  of  them  have  died.  A  deep  drain  around 
e  town  would  largely  prevent  this  damage.  Along  the  foot  of  the 
avel  bluffs,  in  sees.  8,  9,  10, 14,  and  15,  T.  22,  K.  27  E.,  is  another 
eaiu  which  water  has  seeped  out  from  the  gravel  bluff,  swamping  the 
Dd.  This  water  flows  under  the  higher  lands  immediately  south,  and 
» doubt  has  its  origin  in  the  canal.  Some  of  the  seepage  water  comes 
Dm  the  irrigation  on  this  upland,  but  this  source  seems  inconsiderable 
hen  compared  with  the  loss  from  the  canal. 

A  third  area  of  wet  land  on  sec.  25,  T.  22  S.,  R.  27  E.  can  also  be 
stributed  to  seepage  from  the  conglomerate.  On  the  edge  of  this  flat 
at<»r  originally  stood  40  feet  below  the  surface;  while  at  present,  dur- 
ig  |»art  of  the  irrigation  season,  it  is  unsafe  to  attempt  to  drive  a  horse 
long  the  roads  through  the  flat. 

The  other  areas,  shown  with  water  near  the  surfa<*e,  are  either  in 
le  area  of  gypsum  soil  or  are  immediately  adjacent  to  the  gypsum, 
he  loss  in  canals  and  laterals  in  the  gypsum  is  great.  The  measure- 
leuts  in  the  following  table  illustrate  such  loss: 

.  Metuurements  of  lost  in  canals  and  laterals  by  seepage  in  gypsum. 

Lateral  from  gate  32  loses  1.64  cubic  feet  per  Hecoud  in  1^  miles. 

Lateral  along  8outh  side  sec.  12  loses  1.71  cubic  feet  per  second  iu  1  mile. 

Lateral  from  head  gate  18  loses  0.89  cubic  feet  per  second  in  i  mile. 

Main  canal  between  gates  26  and  27  loses  2.62  cubic  feet  per  second  in  1^  miles. 

All  around  the  canal  for  a  short  distance  below  it  the  water  stands 
lear  the  surface,  coming  by  direct  seepage  from  the  main  canal.  Along 
actions  31, 32,  and  33  the  canal  loses  2.6  cubic  feet  of  water  in  1 J  miles, 
"his  water  has  seeped  out,  forming  ponds  below  the  canal.  A  number 
>f  photographs  illustrating  the  condition  of  the  country  and  showing 
^«  ponds  formed  from  seepage  were  secured. 

One  of  the  photographs  shows  a  stream  flowing  approximately  2 
Nibic  feet  per  second,  which  seeps  from  the  canal.  Attempts  have 
wen  made  to  stop  the  seepage  from  this  piece  of  canal,  but  so  far  with- 
out BQccess.  The  canal  company  contemplates  abandoning  this  piece 
of  canal  and  running  the  water  directly  into  Black  River,  from  which 
It  win  be  taken  by  a  canal  to  supply  the  lands  south  of  Black  Biver. 
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Alkaia  in  Soils. 

The  alkali  map  accompanyiug  this  report  shows  thiee  conditions  of 
the  soil:  (a)  Soil  with  less  than  0.25  per  cent  of  salt;  {b)  soil  with  from 
0.25  to  0.50  per  cent  of  salt;  and  (c)  soil  with  more  than  0.50  per  cent 
of  salt.  The  first  represents  land  which  is  good;  the  second,  land 
which  contains  sufficient  alkali  to  damage  crops,  but  not  enough  to 
prevent  plant  growth;  and  the  third,  land  which  already  contains  too 
much  salt  for  crops.  The  alkali  salts  are  entirely  of  the  white  kind — 
that  is,  containing  no  sodium  carbonate.  The  following  analyses,  by 
Dr.  Frank  K.  Cameron,  were  made  on  samples  of  crust  collected  by  the 
members  of  the  Division : 


num- 
ber. 


4045 
4040 
4017 
Aim 

4052 
4054 
4055 
4056 

4053 
4057 
4058 
4061 
4063 


Locality. 


Six-mile  dam 

Carlsbail,  PecoslMink 

CarLtbatl,  IVcoa  buuk 

West  Hide  I'ecos,  one- half  mile  south  of  Six- 
mile  dam 

Carlsbatl,  one-half  mile  above 

Pecos  bank,  sec.  10,  T.T2S 

Southwest  corner  orchanl,  sec.  10,  T.  22S. . . 

Orchani,  sec.  14,  T.22S 

Alkali  flat,  see.  14,  T.22S 

Pecos  bank,  lOU  xards  above 

Mouth  uf  Cass  draw 

Sec.  14,  T.  22  S 

Seo.ia,T.2«S 

Delaware  River  bank 


I 


CaS04. 
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3.62 
3.20 

11.29 

5.01 

11.68 

12.28 

7.06 

16.53 

23.45 

6.33 

18.39 

46.44 

27.42 
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13.56 
39.92 
37.19 

25.76 
53.13 
54.94 
21. 48 
24.52 
48.81 
29.14 
18.50 


31 

35.73 

34.35 

5.67 
26.02 

4.60 
27.47 
32.47 


7.52 
20.75 


28.26 
33.06 


26.46 
26.95 


40.58 


Mga,.     KaCL 


7.16 


18. 


36i5t 
9.  a 

26.12 

56. 61 
9.14 
28. 7S 
3&.01 
88.14 
ZLSB 
I9lU 
42.11 
27.  St 
IflL57 
24.87 


The  soils  were  shown  to  contain  originally  only  small  quantities  of 
alkali  salts  in  their  natural  state,  but  at  present  there  are  areas  cou- 
taining  great  quantities  of  such  salts.  The  presence  of  this  alkali  may, 
in  marly  all  cases,  be  attributed  mainly  to  the  salt  which  is  contained 
in  the  irrigation  water.  The  chemical  composition  compares  nearly 
with  the  chemical  comi)08itiou  of  the  salts  contained  in  the  waters.  A 
com])arison  of  the  two  maps,  alkali  map  and  underground  water  map, 
shows  the  relation  between  the  seepage  water  and  accumulations  of 
alkali  salts.  In  the  area  of  gypsum  soil  the  water  is  frequently  below 
6  feet,  yet  the  capillarity  is  sufficient  to  bring  the  salt-laden  water  to 
the  surface  for  evaporation. 

Problems  of  the  Area. 

This  area  of  land„  on  which  immense  amounts  of  work  and  money  have 
been  spent  in  reclamation,  presents  a  number  of  problems  for  serious 
consideration.  There  are  two  important  problems  which  are  in  a  meas- 
ure peculiar  to  the  Carlsbad  district.  These  are  the  methods  of  irri- 
gating with  an  alkali  water  and  the  cultivation  of  gypsum  land.  The 
character  of  the  water  is  the  most  serious  difficulty  in  the  way  of  prof- 
itable irrigation.  To  develop  a  new  supply  of  water  would  be  an 
engineering  problem  difficult  of  solution.  The  use  of  the  present 
supply  is  attended  with  possible  loss  of  crops,  especially  where  the 
most  favorable  conditions  do  not  exist.  The  greater  part  of  the  area  of 
Pecos  sandy  loam  has  good  drainage  at  present,  and  the  difficoltieB 
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Dcoaiitered  in  these  soils  are  at  a  minimam.  Wherever  the  level  of 
tanding  water  is  below  10  feet,  there  is  no  present  need  of  drainage; 
at  where  (daring  its  yearly  flactoations)  the  level  of  standing  writer 
pproaches  the  surface  of  the  ground  as  close  as  3  feet,  drainage  mast 
e  installed.  Moreover,  the  accamalation  of  alkali  from  the  summer's 
ligation  should  be  removed  by  flooding  and  drainage  during  the  late 
iimmer  and  autamn  when  the  irrigation  water  is  at  its  best. 

BABSTOW  AREA,   TEXAS. 

A  brief  examination  was  made  of  the  conditions  at  Barstow,  Texas, 
[ere  the  water  is  taken  out  of  the  Pecos  Elver  by  a  diverting  dam 
ithout  storage.  The  water  at  this  point  contains  more  salt  than  the 
'ecos  water  at  Oarlsbad.  Keceiving,  as  it  does,  the  drainage  and 
depage  waters  from  the  Carlsbad  irrigated  lands  and  being  augmented 
y  alkali  springs  along  its  banks,  the  water  at  Red  Bluff,  below  the 
>wer  limit  of  irrigation  in  the  Oarlsbad  district,  carried  in  May,  18'.)9, 
20  parts  of  soluble  matter  per  100,000.  The  waters  of  the  Pecos  at 
be  Barstow  intake  carried  in  June  390  parts  of  soluble  matter  per 
D0,000,  and  opposite  Pecos  City,  below  all  irrigation,  it  carried  525 
arts  per  100,000. 

The  application  of  water  of  this  character  to  the  soil,  if  long  con- 
inoed,  is  sure  to  result  in  an  accumulation  of  salts  beyond  the  endur- 
•uce  of  agricultural  plants,  unless  good  natural  drainage  is  present  or 
irovision  made  for  the  escape  of  the  salts  by  means  of  underground 
iiains. 

The  soils  are  derived  I'rom  the  ancient  lake  basin  sediments  and  are 
«avier  in  texture  than  the  soils  of  the  upper  Pecos  ^■alley.  Tliey 
•riginally  contained  greater  quantities  of  alkali  salts  and,  in  fact,  there 
tre  evidences  of  the  accumulation  of  salts  in  beds  at  depths  below  the 
torface.  The  soil  of  much  of  this  area  is  underlaid  by  gypsum.  This 
ft  its  turn  introduces  new  complications  which  render  irrigation  farm- 
Dg  in  this  district  extremely  difficult. 

The  most  favorable  conditions  only  can  be  relied  upon  to  give 
Profitable  results  in  the  irrigation  of  this  district.  The  land  has  been 
iDder  cultivation  for  about  five  years  and,  owing  to  excessive  leakage 
^m  canals,  seepage  waters  have  accumulated  to  such  an  extent  that 
DQcb  of  the  land  has  already  been  abandoned.  All  of  the  lands  on  the 
Pecos  City  side  have  been  abandoned,  and  at  present  irrigation  is 
eoufined  to  the  Barstow  or  eastern  side  of  the  river. 

Tbe  most  promising  field  for  such  a  district  would  be  the  cultivation 
of  saltbushes  and  other  plants  resistant  of  alkali.  Water  from  the 
Pecos,  when  the  water  is  in  its  best  condition,  should  be  flooded  over 
the  land  to  wash  away  accumulated  salts  near  the  surface.  This  salt 
would  have  to  be  removed  by  good  underdrainage,  if  intensive  farming 
is  contemplated. 

A  district  lower  down  on  the  Pecos  is  reported  to  be  entirely  aban- 
doned firom  the  excess  of  alkali  which  the  water  and  soil  contained. 
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SUMMARY. 

The  foregoing  pages  have  shown  that  the  condition  of  the  water  ii 
the  Pecos  River  becomes  more  saline  as  one  descends  the  river.     Thif 
fact  is  well  brought  out  in  the  sketch  map  of  the  Pecos  Valley,  fig.  5. 
On  this  map  the  parts  of  salt  per  100,000  parts  of  water  are  shown  bj 
figures.    The  seriousness  of  the  alkali  problem  varies  in  direct  ratio  U 
the  salt  content  of  the  water.    At  Roswell  the  alkali  is  within  the  sofl; 
the  irrigation  water  is  good.    By  washing  the  alkali  from  the  soil  with 
the  pure  water  the  alkali  may  be  removed  and  the  land  thoroaghly 
reclaimed.    If  once  the  alkali  is  removed  by  the  soils  being  drained, 
there  need  be  no  further  fear  of  damage  from  alkali.    The  water  of  the 
Berendos  contains  alkali  in  sufficient  quantity  to  be  harmful  to  lands, 
unless  well  drained.    The  use  of  this  water  has  been  almost  entirely 
restricted  to  lands  lying  close  to  the  deep-cut  river  channels,  where 
natural  drainage  is  good;  therefore  the  damage  from  this  water  has 
been  slight.    The  water  of  the  Northern  Oanal  contains  0.2  per  cent 
of  alkali,  and  care  should  be  exercised  in  using  it.    The  soils  at  Hager 
man  contain  at  present  alkali,  most  of  which  has  been  derived  from  the 
evaporation  of  the  Northern  Canal  water. 

The  water  of  the  Oarlsbad  system  contains  on  an  average  0.31  per 
cent  of  alkali  salts.  The  soils  originally  contained  very  little  alkah*, 
the  greater  part  of  that  now  present  being  due  in  all  probability  to  the 
concentration  of  the  irrigation  water.  The  salt  already  accumulated 
must  be  removed  by  drainage,  and  all  further  accumulation  must  be 
prevented  by  washing  out  with  fresh  water  during  the  winter  or  when 
the  water  is  plentiful  and  fresh. 

The  soils  of  the  Pecos  Valley  are  deficient  in  organic  matter  and 
nitrogenous  plant  food.  Tbe  growth  and  plowing  under  of  leguminous 
crops  is  recommended,  together  with  fertilizing  with  stable  manure 
when  such  is  attainable.  In  the  southern  part  of  the  valley,  where 
sugar  beets  form  a  money  crop  for  the  farmer,  chemical  fertilizers 
would  be  of  value.  Economy  in  the  use  of  water  and  the  prevention  of 
leakage  from  canals  or  laterals  will  overcome  much  of  the  seepage, 
which  at  present  is  the  principal  cause  of  the  alkali. 

The  authors  wish  to  acknowledge  tlieir  indebtedness  to  Mr.  W.  Ham- 
ilton, manager  of  the  Roswell  Land  and  Water  Company,  for  base  maps 
and  for  material  assistance  in  the  prosecution  of  the  investigation  in  the 
Roswell  district;  also  to  Mr.  Charles  A.  Bremond,  Mr.  Luigi  Martiui, 
and  others  for  help  and  interest  shown  in  the  work. 

At  Carlsbad  credit  is  due  to  Messrs.  Tansil,  F.  A.  Tracy,  and  W.  M. 
Beed,  officers  of  the  Southern  Canal  system,  for  maps  and  assistance, 
and  to  Prof.  E.  M.  Skeats  for  valuable  data,  including  chemical  analyses 
relating  to  the  district,*  also  to  A.  E.  Goetz  and  others. 

During  the  short  time  spent  at  Barstow,  Tex.,  Mr.  6.  E.  Briggs, 
manager  of  the  Pioneer  Canal  Company,  assisted  personally  in  the 
reconnoissance  of  that  district. 


A  SOIL  SURVEY  IN  SALT  LAKE  VALLEY,  UTAH. 


By  PRANK  D.  GARDNER  and  JOHN  STEWART. 


PHYSIOGRAPHY. 

in  July,  1899,  four  months  were  spent  in  a  thorough  and- 

detailed  study  of  that  portion  of  the  Salt  Lake  Valley  lying  west  of  the 

Jordan  Biver,  the  object  being  to  map  the  soils  with  reference  to  their 

character  and  to  the  extent  of,  and  damage  from,  ^^  alkali  ^  and  seepage 

waters.    The  soils  were  classified  according  to  their  texture,  and  the 

waters  examined  with  reference  to  their  qaality  for  irrigation  purposes. 

The  soils  were  further  studied  with  reference  to  their  '^  alkali^  content 

and  its  effect  in  varying  amounts  upon  the  crops  and  vegetation.    The 

methods  of  irrigation  were  looked  into  with  regard  to  their  success  or 

fiulure  and  the  ultimate  outcome  in  relation  to  the  condition  of  the  soils, 

especially  with  reference  to  the  accumulation  of  alkali  and  seepage 

waters. 

Nearly  700  borings  were  made  in  this  district,  usually  to  a  depth  of  6 
feet  and  occasionally  to  9, 12,  or  15  feet.  In  two-thirds  of  these  borings 
the  per  cent  of  salt  at  saturation  in  each  foot  section  was  determined 
by  the  electrical  method,  and  in  a  considerable  number  of  the  borings 
the  sodium  carbonate  (true  black  alkali)  was  determined  volumetrically. 
In  areas  where  hardpan  forms  an  important  feature,  it  was  mapi)ed  and 
its  depth  and  thickness  ascertained.  A  study  was  made  of  its  influence 
toward  the  action  of  roots  and  water  together  with  the  probable  mode 
of  formation. 

Full  notes  were  made  on  the  character  of  the  natural  vegetation  and 
the  kinds  and  condition  of  the  crops.  Wells,  both  surface  and  artesian, 
were  examined  with  reference  to  their  water,  the  depth  to  standing 
water,  and  the  nature  of  the  strata  through  which  they  were  dug. 
Drainage  and  seepage  waters  were  tested  with  regard  to  the  salts  they 
were  carrying  firom  the  soil. 

Only  such  of  the  data  collected  as  is  essential  for  a  clear  understand- 
ing of  the  conditions  is  herein  given,  the  results  being  embodied  in  the 
following  text  and  accompanying  maps. 

Salt  Lake  Valley  comprises  about  one-half  of  Salt  Lake  County,  the 
ramainder  being  occupied  by  the  Wasateb  Mountains  to  the  east  and 
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the  Oquirrh  Mountains  to  the  west.  The  moantains  elose  in  on  tbn 
south  in  what  is  known  as  the  Jordan  !N  arrows,  thus  practically  sur- 
rounding the  valley  on  three  sides  and  leaving  an  opening  on  the  nortb 
where  it  borders  on  the  Great  Salt  Lake.  It  is  one  of  many  similar 
valleys  which,  lying  between  mountain  ranges  more  or  less  parallel,  go 
to  make  up  the  lower  and  more  level  parts  of  the  Great  Interior  BasiD, 
a  broad  area  of  varied  surface  naturally  divided  into  a  namber  d 
drainage  districts. 

The  general  form  of  the  Great  Interior  Basin  is  triangular,  with  tbf 
acute  angle  to  the  south  where  it  extends  into  old  Mexico.  At  its 
greatest  extremes  it  is  880  miles  from  north  to  south  and  570  miles  fironi 
east  to  west,  including  an  area  of  210,000  square  miles.  It  comprises 
nearly  the  whole  of  Nevada,  the  western  half  of  Utah,  small  portions  o( 
Idaho  and  Montana,  and  large  areas  in  Oregon  and  in  eastern  and 
southern  California.^ 

The  region  is  characterized  by  many  short  and  usually  parallel  mooii- 
tain  ranges,  extending  generally  from  north  to  south,  between  which 
are  smooth  valleys  whose  alluvial  slopes  or  floors  are  built  up  of  the 
debris  brought  down  from  the  mountains.  The  character  of  the  climate 
is  plainly  seen  in  the  hydrogra|)hy  and  vegetation.  Perennial  lakes 
occur  only  in  association  with  the  larger  mountain  masses,  while  the 
vegetation  of  the  valley  is  usually  sparse.  The  annual  rainfall  varies 
from  2  inches  in  the  south  to  about  20  inches  in  the  mountains  in  tiie 
north,  while  the  annual  evaporation  from  a  free  water  surface  varies 
irom  60  inches  in  the  north  to  150  inches  in  the  south.  The  larger 
mountains  have  timber  in  their  recesses,  but  only  conifers  attain  snch 
size  and  abundance  as  to  be  of  economic  importance.  The  climate  of 
the  whole  area  may  be  classed  as  arid. 

The  largest  subdivision  of  the  Great  Basin  is  the  Bonneville  Basin 
(flg.  6),  containing  54,000  square  miles,  or  a  little  more  than  one- fourth  of 
theformer.  Slightly  more  than  two-fifthsof  the  Bonneville  Basin  wasonoe 
occupied  by  the  ancient  Lake  Bonneville,  whose  area  was  19,750  sqnaie 
miles.  This  ancient  lake  apparently  reached  its  greatest  extent  during 
the  epoch  of  maximum  glaciatiou,  as  is  shown  by  the  presence  of  a 
number  of  glacial  morains  which  descend  on  the  sides  of  the  Wasatch 
Mountains  to  the  well-marked  shore  line  of  the  lake  wlien  at  its  highest 
stage.  This  shore  line,  known  as  the  Bonneville  shore  line,  forms  s 
striking  feature  of  the  mountain  side,  both  to  the  east  and  west.,  and  is 
plainly  visible  tvoin  all  points  of  the  valley.  (Bee  Plate  X.)  The  great 
upheavals  which  made  the  mountains  and  valleys  of  this  region  evi- 
dently occurred  prior  to  the  age  of  the  lake,  although  there  have  beep 

1  The  following  brief  description  of  the  characteristics  and  history  of  the  Grett 
Interior  Basin  and  of  Lake  Bonneville  is  essential  to  an  understanding  of  the  present 
conditions.  Some  of  the  facts  and  figures  relating  to  the  basin  and  to  the  time  aod 
extent  of  the  ancient  lake  have  been  taken  fVom  G.  K.  Gilbert's  report  on  Lskc 
Bonneville,  published  as  a  monograph  by  the  United  States  Geological  Snrvej  in 
1890. 


PHTBIOGKAPHy. 


79 


liDor  chanfres  in  the  eIev»tion  aince  then,  as  shown  by  fnnlts  at  the 
reetern  bases  of  tbe  Wnsatcb,  Oqairrb,  and  Aqui  tDonataius  and  by 
be  rariationa  in  the  lUtHnde  of  different  parts  of  tbe  Bonneville  shore 
Ine.    The  altitude  of  this  shore  line  has  been  Ascertained  in  a  nnmlier 


'ketch  Dikpof  BonneTllleBHlD.  Bbovlnguclsnt  lake  •odpreseot  likes. 

or  places,  and,  except  in  a  few  measurements  at  the  extreme  south,  it 
Tarieg  from  900  to  1,070  feet  above  the  present  level  of  Great  Salt  Lake, 
^tb  ft  mean  elevation  of  about  1,000  feet.  All  evidences  point  to  tbe 
^t  that  the  sarface  of  Lake  Bonneville  was  at  that  time  1,000  feet 
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higher  than  the  present  surface  of  Oreat  Salt  Lake  and  that  its  arei 
extent  exceeded  the  present  lake  by  13.3  times.  At  it«  highest  stag 
the  lake  overflowed  the  rim  of  the  basin,  the  water  escaping  iuto  Snafe 
Biver.  A  deep  channel  was  eroded,  forming  what  is  now  known  i 
Bed  Bock  Pass.  The  level  of  the  lake  was  thus  lowered  375  feet  i 
which  point  erosion  ceased  and  no  farther  escape  of  water  oocarred  i 
this  manner.  Here  the  water  level  was  maintained  for  a  consideraU 
period  of  time,  as  is  shown  by  the  formation  of  a  well-marked  beae 
line  which  is  known  as  the  Provo  shore  line.  After  this  stage  tbe  lali 
water  fell  to  its  present  level  by  evax>oration,  occasional  iuterraptiofl 
being  now  noticeable  by  the  number  of  intermediate  shore  liues  moi 
or  less  distinct  There  is  strong  evidence  of  very  great  climatic  cbang 
from  epochs  of  great  precipitation  of  snow  and  rain  to  periods  wh<i 
high  temperatare  and  excessive  evaporation  occurred.  It  is  not  at  il 
improbable  that  the  Oreat  Salt  Lake  may  have  been  dry  at  some  i>eriod 
although  this  question  has  never  been  settled. 

The  modern  Great  Salt  Lake  is  but  a  remnant  of  its  ancient  predc 
cesser,  which  at  the  time  of  its  overflow  may  be  considered  as  a  fresh 
water  lake.  Since  the  Provo  stage,  however,  the  water  escaped  onlj 
by  evaporation  through  a  long  period  of  time  during  which  the  evap(^ 
ration  exceeded  the  precipitation,  causing  as  a  result  a  body  of  watM 
containing  in  solution  22  per  cent  of  salt.  At  the  Provo  stage  the 
water  surface  of  the  ancient  lake  was  625  feet  above  the  present  levd 
of  the  Great  Salt  Lake  as  determined  by  the  altitude  of  the  Provo 
shore  line  in  a  number  of  places.  (See  Plate  X.)  The  mean  depth  of  Great 
Salt  Lake  is  now  about  13  feet;  therefore,  the  water  over  its  present 
area  at  the  Provo  stage  was  forty-nine  times  its  present  depth.  A  com- 
parison of  its  area  at  the  two  periods  shows  that  at  the  Provo  stage  it 
was  7.4  times  its  present  area.  Assuming  that  the  mean  depth  of  the 
whole  body  of  water  at  this  early  period  was  one  half  the  mean  depth 
of  water  at  that  time  over  the  present  lake,  the  volume  of  water  at  the 
former  time  is  found  to  be  one  hundred  aud  eighty  one  times  the  preseot 
volume  of  Great  Salt  Lake.  If  it  were  fhrther  assumed  that  the  lake 
at  the  Provo  stage  was  fresh  and  contained,  as  the  Utah  Lake  now 
does,  about  80  parts  of  soluble  matter  in  100,000  parts  of  water,  we 
would  have,  by  evaporation  to  the  present  volume  of  Great  Salt  Lake, 
a  solution  containing  14.5  per  cent  of  salt,  providing  none  of  the  salt  was 
precipitated  during  the  process  of  evaporation.  As  a  matter  of  fact  the 
lake  now  carries  about  22  per  cent  of  salt,  which  leaves  about  7^  per  cent 
unaccounted  for.  We  find,  however,  that  the  inflowing  streams  carry 
sufficient  water  to  equal  the  volume  of  the  lake  water  every  2^  years; 
and  if  it  is  assumed  that  they  carry  a  percentage  of  salt  equal  to  that 
carried  by  Utah  Lake,  it  would  require  only  two  hundred  and  fifty  years 
for  them  to  carry  the  remaining  7j  per  cent  and  bring  the  saltuessof 
the  lake  to  its  present  stage.  No  doubt  considerable  quantities  of  the 
less  soluble  salts — as,  for  example,  carbonate  of  lime  and  sulphates  of 
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lime  and  soda — were  deposited,  but  the  pericMl  of  time  since  tbe  Provo 
BtagH  has  uudonbtedly  been  msch  longer  tbaii  two  hundred  and  fifty 
jreara.  It  Beema,  therefore,  quite  simple  to  a<HM)unt  for  the  present  iiigli 
Bslt  eoDtent  of  the  Great  Salt  Lake.  At  a  time  when  the  lake  was  jnti^ 
high  enoagh  to  cover  the  lower  levels  of  the  Salt  Lake  Valley,  tbe 
water  mast  have  been  sufficiently  aalty  to  have  left  the  soil  in  a  very 
salty  cotiditiou  upon  the  sobsideQce  of  the  water.  As  a  matter  of  fact, 
large  amoants  of  salt  are  fonod  in  the  lower  levels,  especially  in  the 
lower  depths  of  the  soil. 

Within  the  memory  of  tbe  preseut  inhabitants  the  level  of  this  lake 
has  varied  fhlly  I :  feet.  In  1860  it  was  very  low,  bat  for  several  yoirs 
thereafter  it  rose  slowly.  It  then  began  to  tali  again,  reaching  a  very 
h)w  stage  from  1861  to  1864.  Prom  1864  to  1868  there  was  a  period  of 
excessive  rainfall,  daring  which  time  the  lake  rose  rapidly,  reaching 
sach  a  height  in  1868  that  fully  50  square  miles  of  what  was  map|>ed 
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this  season  as  dry  land  was  submerged  by  its  waters.  Since  that  time 
tliere  have  been  three  dintiuct  periods  of  rise  and  fall,  but  the  general 
trend  has  been  downward,  until  at  tbe  preseut  time  the  level  ia  about 
where  it  was  in  1850.  Besides  this,  there  is  au  annual  Huctuation,  dur- 
ing which  the  lake  reachei)  its  maximum  about  June  1  and  its  minimum 
about  DectrmlwF  1.  This  annual  variation,  amounting  to  (lom  I  to 
2  feet,  is  the  result  of  a  tow  rainfall  from  June  to  September,  inclusive, 
accompanied  by  high  temperature  and  low  relative  humidity,  con<U- 
tious  fovoring  rapid  evaporation  and  of  a  greater  rainfall  and  less 
evaporatiou  daring  the  remainder  of  the  year.  This  is  shown  iu 
figure?. 

The  accompanying  diagram  (fig.  7)  shows  graphically  the  mean 
monthly  rainfall  in  Inches  as  compared  with  the  monthly  change  iu  tbe 
level  of  the  lake  in  feet.  The  maximum  rise'of  the  lake  occurs  about 
two  months  after  the  close  of  the  rainy  period,  and  it  is  about  the  same 
leugth  of  time  after  the  rain  again  begins  before  tbe  lake  commences 
H.  Doc.  399 6 
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to  rise,  wliivh  shomt  that  the  maxiDinm  effect  of  preuipitatioo  on  th 
lake  occurs  about  two  nionths  after  the  precipitatiou  has  taken  ]>lae« 
Fignre  8  shows  the  semiaDnual  variutioD  iu  the  lake  level  for  the  ]ia«i 
fitty  yearn,  with  the  aooompaDying  aunual  rainfall.  Thrae  is  a  geocn 
a^eeineiit  betweeu  precipitatioD  and  the  lake  variatiou. 

The  surface  of  Great  Salt  Lake  is  4,170  feet  above  tbe  sea  htvd 
while  an  odditioDal  dO-foot  uontoor  line  wonid  iiiolude  the  lower  an 
more  level  portions  of  the  valley,  aiDoanting  to  one-lialf  of  it.  Abovi 
this  the  land  iiicIioeB  toward  the  foothills  at  the  rate  of  ftom  uO  t 
KM)  feet  per  mile.  To  the  east  the  Wasatch  Mountains  rise  abmptJ) 
attaining  a  uiaximam  height  of  7,000  feet  above  the  general  level  of  tb 
valley.  Their  snow-clad  snmmits  and  uumerons  springs  are  the  soaro 
of  a  number  of  perennial  streams  that  flow  across  the  easteru  part  o 
the  valley  and  enter  the  Jordan  Biver.    These  streams  flirnifth  ai 
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abundant  and  good  water  supply  for  irrigating  the  eattteru  portion  of 
the  valley.  To  the  west  the  Oquirrli  Mountains  rise  less  abmptly, 
reaching  an  elevation  of  from  4,000  to  5,000  feet  above  the  valley.  The 
watershed  is  not  so  extensive  asi  to  the  east,  and  there  is  less  snow,  so 
that  the  few  streams  flowing  from  the  canyons  are  lost,  by  evaporation 
or  seepage,  before  they  reach  the  Jordan  River.  The  Jordan  Itiver  is 
the  main  channel  through  wbicb  tbe  waters  of  Utah  Lake  and  its 
iutlowing  streams  reach  Salt  Lake,  ft  is  on  the  Jordan  River  that  the 
western  iKirtion  of  the  valley  is  dependent  for  irrigation  water. 

The  mountains  consist  chieHy  of  granite,  limestone,  sandstone,  quartz, 
l>orpbyry,  and  feldspar,  and  it  is  from  these  rocks  that  the  soil  of  the 
valley  is  formed.  The  monutaios  abound  in  ores  rich  in  silver,  lead, 
and  copper.  Many  mines  are  in  operation  and  fornish  material  bi 
several  large  smelters  located  iu  the  vaU^. 
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The  lake  is  also  a  soarce  of  commercial  eoterprise,  and  accordiug  to 
le  statistics  of  1890  the  value  of  the  aanaal  output  of  the  salt  har- 
ested  from  the  evaporating  ponds  amounted  to  $250,000. 

OLIMATE. 

The  climate  of  Salt  Lake  Valley  is  characterized  by  low  annual  pre- 
ipitation,  low  relative  humidity,  moderate  wind  movement,  moderate 
emperatnre,  and  abundant  sunshine.  It  may  be  classed  as  arid.  Ac 
ording  to  the  United  States  Weather  Bureau  records  for  the  past  25 
rears,  the  mean  annual  precipitation  at  Salt  Lake  City  is  16.2  inches, 
nth  a  minimum  of  10.3  inches  in  1890  and  a  maximum  of  23.6  inches  in 
tS75.  Previous  records,  shown  in  the  chart  on  page  82,  show  a  range 
Ib  annual  precipitation  of  from  10  to  29  inches.  Of  the  mean  annual 
(atnfall  a  total  of  only  2.0  inches  falls  during  the  months  of  June,  July, 
Angnst,  and  September.  These  four  months  of  mean  minimum  precipi- 
tation are  accompanied  by  mean  maximum  temperature  and  low  rela- 
ki?e  humidity— conditions  favoring  excessive  evaporation. 

Since  this  is  the  jieriod  in  which  crops  make  most  of  their  vegetative 
growth,  it  will  be  seen  how  important  and  necessary  is  irrigation  water 
fcr  farming.  In  fact  very  little  farming  is  carried  on  except  under  irri- 
gation. Statistics  for  1894  show  that  92.5  per  cent  of  the  farms  in 
Salt  Lake  County  are  irrigated.  Wheat  is  the  only  crop  that  is  grown 
vithout  irrigating  and  it  makes  most  of  its  vegetative  growth  prior  to 
June.  The  average  yield  of  wheat  under  dry  farming  is  slightly  more 
than  one-third  of  the  average  yield  under  irrigation. 

The  accompanying  table  shows  the  monthly  and  yearly  precipitation 
at  Salt  Lake  Oity  for  the  past  25  years  as  obtained  from  the  United 
States  Weather  Bureau  office  at  that  place. 

Monthly  and  annual  preoipiiaHan,  Salt  Lake  City,  Utak^  from  1874  to  1899. 


Ymt. 

1          1 
Jan.    Feb.  ■  Mar.    Apr. 

May.  Jane. 

1 

Jnly. 

1 

Aug.  1  Sept. 

1 

1           1 
Oct.  1  Nov.    Deo. 

1 

An. 
nual. 

uru 

1 

al.31 
9  ai 

0.90     2.84     0.74 
1.50     2.91       .90 
^09     4.30       .09 
2.14     3.49       .80 
2. 63     ^  -'SA        ^^ 

2.42 

1.01 
.83 
.02 

1.08 
.07 
.20 
.21 
.80 
.10 
.27 
.58 
T. 

1.23 
.24 
.08 
.02 
.47 
T. 

1.19 
.82 
.42 

1.85 
.69 
.18 
.42 

1.63 
.25 
.92 
.28 
.81 
.06 
.74 
1.66 
1.61 
.62 
.73 
.90 
.59 
.69 
.63 
.92 
.79 
.46 
.05 

0.20 

1.22 

.42 

.90 

3.15 

.01 

.56 

.48 

37 

1.74  1  2.16 
1.36  1  5.81 
8.r  1    .81 
2.41  1  1.02 
1.30  1    .63 
1.62  1    .32 
.40     1.17 
2.19     1.44 

9  no  1        fU 

0.73 
2.03 
1.80 
1.11 

.11 
3.06 
1.90 
1.24 

.92 
1.20 
2.12 

.92 
1.27 
1.55 
2.21 
4.37 

.42 
2.19 
2.35 
2.37 
1.28 

.89 

.84 
1.47 
1.28 

14.07 

vii t 

3  06  '  0  79 

23  64 

vn ;.:."' 

vn 

1.23     1.52     4 
.87      .38     2.83 
1.07     3.49     2.54 
1. 87        71        <W 

21.28 
16.35 

un 

19.75 

»» "'! 

3.26 
2.37 
2.37 

.10     1  lu 

13.11 

m 

m 

.29     1.02 
1.24  ,  2.44 
1  50      ^^ 

.43 

.88 

1    14 

1.85 

9.  RK 

.01 
.28 

2.24 
.83 
.33 

2.67 

t.02 
.37 
.96 
.01 
.82 

1.08 

1.21 
.04 

1.38 
.99 
.25 
.52 

1.45 
.96 

10.04 
16.93 

as 

3  81         ^ 

15.98 

vm ■"'• 

L47 

.71 

1.48 

1.91 

2.36 

1.52 

.73 

3.07 

.74 

1.81 

.82 

1.81 

1.82 

1.26 

1.16 

.68 

.84 

72     1  7S 

2.92 
2.89 

.98 

1    7ft 

.13     2.24     1.78 
1.91       .36]    .50 
1.29        RO     a  10 

14.24 

UM "'*• 

2.23 
1  56 

8. 89 

tu 

17.52 

UK 

ha  A7  i  9.  Mk 

19.69 

m 

1.36    9- (in  1  1  in 

.06 

.73 

.84 

2.97 

.16 

.72 

1.65 

1.68 

1.22 

2.29 

3.67 

.96 

4.19 

2.50 

1.88 
.56 

.51 

.52 

T. 

1.19 

15 

1.96  ,  1.79 
.30  1    .25 
.80  ,  2 

8.85  ;  1.04 

1.44       T. 

1.26        on 

18.88 

iw ■ ""' 

1.41 

1.22 
.81 

2.05 
.76 
.68 

1.64 
.83 
.85 
.60 

3.81 
.88 

2.98 

.85 
2.18 
1.64 
1.12 

1.87 

.99 

1.52 

11.66 

m *•"' 

13.62 

m 

18.46 

UN 

10.33 

utt ;■"; 

4.66     1-AA 

15.92 

m 

2.21 
2.68 
1.73 
.81 
1.99 
2.20 
1.71 
2.93 

1.90 
2.72 
1.67 

.73 
2.53 
2 
1.30 

.81 

1.58 
1.02 
1.01 
.24 
.70 
1.91 
L57 

.72 
1.18 

.28 
2.44 
3.15 
1.19 
1.95 

14.06 

m 

.71     1  an 

17.35 

m : 

.87 

.02 

1.47 

.33 

1.85 

1.06 

2.87 
.95 
.52 
.48 
.15 
T. 

15.27 

UK ■"• 

11.95 

UK 

18.42 

UK 

UK 

UK 

16.74 
16.00 
12.60 

%UBt 

ATengM... 

84.01 
La6 

84.75 
L39 

61.68 
1.98 

55.25 
2.12 

49.30 
1.90 

20.66 
.79 

14.90 
.55 

20.15 
.78 

21.68 

88.12 
1.62 

36.17 
1.45 

39.65 
1.60 

402.88 
16.18 

al2dagr*- 


fr28daya. 


84 


A   SOIL   SURVEY    IN    SAIjT    LAKE    VALLEY,    UTAH. 


The  annual  precipitation  in  the  nioantains  is  greater  than  in  the  xd 
leys,  and  it  in  estimated  that  it  indndes  6  feet  of  snow,  which  lingrersd 
tlie  nioantains  the  greater  part  of  the  samnier.  This  is  importantl 
relation  to  irrigation,  because  it  makes  the  water  snpply  plent^ 
throughout  the  season.  I 

The  annual  evaporation  from  a  free  water  surface  in  Salt  r^keVallij 
is  estimated  at  8  feet.  Data  from  one  of  the  salt  companies  show  tl{ 
evaporation  ft'om  their  ponds  to  be  about  37  inches  from  June  to 
tember,  inclusive.  It  should  be  borne  in  mind,  however,  that  this 
ft'om  a  saturated  salt  solution  and  that  the  presence  of  much  saltlo 
the  vapor  tension,  and,  consequently,  the  rate  of  evaporation, 
evaporation  from  a  fresh- water  service  would  no  doubt  have  been  m 
greater. 

The  mean  annual  temperature  is  51.2^  F.,  with  a  mean  maximum 
75.6^  in  July  and  a  minimum  of  27.9^  in  January.    The  mean  tern 
ture  for  IVom  June  to  September,  inclusive,  is  70.5^  F. 

The  following  table  gives  the  mean  monthly  and  yearly  temx^erai 
for  the  past  twenty-five  years. 


Afean  monthly  and  mean  annual  imHperature,  Salt  Lake  City 

,  Utah,  from  1874  io2SS9.  , 

Year. 

Jan. 

Feb. 

Mar. 

Apr.  May. 

Jane. 

67.1 
67.8 
C8.6 
66.4 
68.5 

July. 

77.8 
74 

76.6 
77.4 
76.  a 

Aug. 

74.6 

75 

71.6 

75.8 

78.4 

75.4 

72.8 

74.4 

76.9 

76.8 

72.7 

73.7 

76.1 

73.4 

74.8 

77.4 

72.9 

74.4 

75.4 

73.3 

75.4 

74.8 

73.7 

75.2 

76.8 

69.8 

Sept 
62 

Oct.    Nov. 
56. 1     A3'> 

1874 

i 
33.9  

1875 

29.5 

80.5 

27.2 

30.3 

28.3 

28.2 

80.8 

23.5 

24.4 

28.4 

27.6 

28.8 

83.2 

22.9 

21.4 

24.8 

28.8 

25.8 

27.6 

29 

29.7 

84 

28.8 

34.2 
36.1 
84.1 
37.8 
89.6 

85 

37.2 

46.9 

47.1 

ifi.S 

48.9     59 
49. 8     56. 7 
48. 8     66. 2 
49. 4     ft6. 4 

68.1  1  58.2     42 
65.8  i  ■'i.'t  3     ii 

36.2     SS.i 

1876 

27        51.1 

1877 

64.4 
60.6 

51. 6     10.  6 
40         Ai 

311      5U 

1878 

29.8     51.1 

1879 

52.6 

46.8 

54.2 

46.7 

45.6 

48 

53.5 

48.4 

49.2 

54.8 

55.2 

50.4 

49.6 

47.4 

58.2 

54.2 

60.2 

57.2 

.56.7 

57.9 

56.6 

62.4 

60.8 

58.6 

58.8 

61.8 

60 

65.4 

55.1 

01.2 

57.9 

51.4 

63.4 

53.9 

52.6 

65.2  i  76.8 
66        74.2 

71.2  76 
67.8     75.4 
70        76. 2 
69.1     74 

64.8  70.1 

68. 9  78. 1 
68.6     74.9 
68.4     76.6 

70. 3  78. 4 

68. 5  52         36 

63. 6  52         29. 6 
60.2     50.8  ,  33.8 
64.8     48.4     35.5 

69. 7  4£.  3     3Q.  9 

29.4      53 

1880 

26.2     2U 

34  6     4i< 
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38.2 
26.9 
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36.0 

33  6     5LI 

1882 

35       ml 
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24. 1     47 

32.5     91:1 

1884 

80,7 
86.8 

40.8 

4ii.a 

59.4 

*A         i^« 

35.2     SU 

1886 

65,1     54.9     43.8 
62.8     51.8     31.4 

65.5  ;  51.6  .  42.8 

70.6  54        41.6 
60.6     54.2     39 
65        48.6     41 
65      '  53.2  .  44.2 
69.6     51.8     42.  S 

33.9     9U 

1886   

40.8     37.7 

96.1     ILl 

1887 

34.1 
38.3 
29.8 

47.2 

40 

47.7 

SB.  2     Sll 

1888 

35.8    sa 

1889 

39.6     511 

1890 

83.7     39.5 
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64.8 

62 

65.8 

67 

63.9 

63.5 

70 
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67.1 
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77.8 

73.3 

76 
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1891 

28.6     8M 
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33.6 
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25.6 

30 

86.8 
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4:).  4 

Z7.6;  lU 

1893 
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63         52 
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39.4 
45.  B 

3flL3     SfliS 

1894 

31.4     SftI 

1895 

63.8     54.3     37.8 
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62.2  !  50.9  1  43.  S 

a&4    siS 

1896 

30L2     SLi 
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33.6 
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49 
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1898 
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67.1 

48.2 
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kf    Af 

1899 

83.8 

29.6  1  40.6 

1 

1               — - 

Averftge  .... 

27.9 

32.9 

41.1 

49.8 

57.7 

67 

75.6 

74.7 

64.5 

52.2     39.7 

32.4     5LS 

The  mean  annual  wind  movement  is  at  the  rate  of  5.4  miles  per  hoar? 
with  a  maximum  of  6.4  miles  in  May  and  a  minimum  of  4.3  miles  is 
November. 
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?he  Ibllowing  tablo  ^ive^  the  monthly  ami  aiiiiu^l  wind  ii 
Salt  Lake  City  for  the  past  twenty-five  years.  As  a  vt 
uate  is  both  pleaKaiit  and  heiikLifal. 
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HISTORY   OF  IRRIGATION. 

Modern  irrigation  iu  the  Uaited  States  began  iu  Salt  Lake  Valley, 
'taL,  when  the  MormouB  itettled  there  iu  1847.  One  of  the  Qrat  iiuder- 
ikinga  after  reaching  the  valley  was  Che  diverting  of  the  water  of  wliat 
I  now  known  as  Oity  Creek  and  the  irrigation  of  a  few  iwres  of  land 
Unted  with  seed  brought  with  them  on  their  long  and  perilous  jour* 
•J  from  Illinois. 

Traces  of  irrigation  antedating  the  Salt  Lnke  Yalley  undertaking 
t*  to  be  found  in  Arizona  in  the  systems  (long  since  abandoned)  of  an 
itinct  Titce  of  aborigines,  and  in  southern  California,  where  irrigation 
ras  practiced  by  the  mission  priests. 

An  historian  of  the  Mormon  Oharcfa  describes  the  presentsite  of  Salt 
Ake  City  as  follows: 

A  dcaoUtion  of  Mntories,  where  earth  Memed  heaven  foraaken,  where  liermit 
■ainre— watching,  waltiog — wept  and  worahipiied  God  amid  eternal  iolitude, 

Charles  Brough,  in  bis  Historical  and  Political  Studies  on  Irrigation 
u  Dlah,  says : 

Tile  truBfonnatioD  of  till*  sterile  naate,  gliBteniDg  with  bedii  of  salt,  and  aoda, 
uil  lUsadlf  alicaU,  seemed  Impowible. 

These  quotations  give  an  idea  of  how  the  conditions  appeared  to  the 
^t  settlers.    In  the  year  184a,  5,153  acres  were  put  under  irrigation, 
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and  the  amoant  of  land  under  irrigatiou  in  this  locality  has  since  ts§ 
idly  increased.  The  growth  of  Salt  Lake  City  was  very  rapid,  and  ii 
1850  the  population  numbered  11,354.  During  this  year  there  were  ovti 
16,000  acres  under  cultivation.  In  1852  the  assessed  value  of  prop^tjf 
was  $400  per  capita.  To-day  the  city  possesses  a  population  of  70,0M 
The  broad  streets  are  lined  with  rows  of  stately  trees  and  the  coniforta 
ble  homes  are  surrounded  by  luxuriant  lawns. 

The  rural  districts  are  populous;  the  farms  are  small  and  are  chtf 
acterized  by  an  intensive  and  diversified  form  of  agriculture.  In  tM 
whole  State  of  Utah  the  average  size  of  the  irrigation  farms  is  27  scxm 

According  to  statistics  gathered  in  1894  by  the  State  statisticiai| 
there  were  2,195  farms  in  Salt  Lake  County,  90  per  cent  of  which  were 
cultivated  by  the  owners.  Of  the  total  number  of  farms  only  14  pa 
cent  were  incumbered  by  mortgage. 

Notwithstanding  the  success  that  has  been  attained,  serious  damage 
has  occurred  in  places  through  the  ac(*.qmulation  of  seepage  waters 
and  alkali.  Districts  once  successfully  farmed  have  been  abandoned 
and  the  attempts  at  reclamation  have  &iled,  because  suitable  methods 
have  been  wanting.  Damaged  lands  are  more  apparent  now  thaa 
formerly,  and  demand  for  methods  of  preventing  such  damage  and  for 
reclaiming  waste  land  is  greater  than  ever  before. 

The  earliest  irrigation  was  principally  on  the  east  side  of  the  Jordan 
Kiver,  the  irrigation  waters  being  obtained  from  the  numerous  sma)} 
streams  issuing  from  the  canyons  of  the  Wasatch  Mountains.  The 
canals,  always  small,  were  constructed  by  cooperative  labor,  coopera- 
tion being  the  watchword  of  the  Mormons  and  even  to  the  present  time 
predominating  in  all  lines  of  mercantile  pursuits. 

A  number  of  farmers  owning  land  along  a  stream  joined  together 
and  by  their  collective  labor  constructed  a  canal  that  brought  water 
to  all  of  their  farms.  The  distribution  of  the  water  was  propordoDal 
to  the  amount  of  land  owned  by  each.  The  advantage  of  this  method 
was  that  it  gave  water  to  each  farmer  without  expenditure  of  money 
and  without  waiting.  The  canals  were  crudely  constructed  and  no 
provision  was  made  against  leakage.  Water  was  turned  into  the 
canals  in  the  spring  and  not  turned  out  until  fall,  in  some  instanees 
even  running  throughout  the  year.  As  a  result  the  large  amount  of 
waste  and  seepage  waters  did  much  damage  to  lands  lying  below  the 
neighborhood  irrigated,  and  at  the  present  time  a  large  area  of  liuid 
immediately  south  of  Salt  Lake  City  and  adjacent  to  the  river  is  maeb 
affected  by  seepage  waters  and  alkali. 

On  the  west  side  of  the  Jordan  River  the  earliest  attempts  at  irriga- 
tion were  on  the  Jordan  meadows  or  river  bottom  lands,  the  water 
supply  being  obtained  from  the  Jordan  River  by  means  of  small  canal& 
Subsequently  the  Brighton  and  North  Point  and  the  North  Jordan 
canals  were  run  upon  the  first  terrace  above  the  river,  and  following 
these  were  the  South  Jordan  and  the  Utah  and  Salt  Lake  canals  on 
the  second  and  third  benches,  respectively. 
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As  is  frequently  the  case,  the  irrigation  on  the  benches  cansed  an 

jcamnlation  of  seepage  and  alkali  on  the  river  bottom  land,  so  that 

Dch  of  it  has  been  abandoned.    The  largest  and  most  serioaaly  dam- 

{e<l  area,  however,  is  jastsoath  of  Twelfth  Street  road,  and  comprises 

strip  of  land  varying  from  half  a  mile  to  a  mile  and  a  half  in  width, 

id  extending  10  miles  west  from  the  river.    Here  the  seepage  and 

irplas  waters  from  the  outer  extremities  of  the  Utah  and  Salt  Lake, 

le  Soath  Jordan,  and  the  North  Jordan  canals  have  collected  to  an 

kurmuig  extent.     Indeed,  the  damage  has  gone  so  far  that  a  chain  of 

^ee  has  formed,  presenting  a  water  surface  of  fally  1,000  acres.    The 

tea  affected  is  not  less  than  10  square  miles. 

That  portion  of  Salt  Lake  Valley  west  of  the  Jordan  River  which 
I  at  present  nnder  irrigation  includes  abont  Ai)  square  miles,  and 
overs  a  strip  about  2  miles  wide,  bordering  on  the  river  and  extending 
hiough  Ts.  2  and  3  S.,  B.  1  W.,  together  with  another  narrower  por- 
bn  at  the  north,  which  bends  to  the  west  through  T.  1  S.,  Bs.  1  and  2 
K^  nearly  to  the  point  of  the  mountains.  It  consists  mainly  of  ter- 
vces,  one  above  another,  and  has  a  slope  toward  the  river  or  to  the 
lorth  of  50  to  100  feet  per  mile. 

In  addition  to  the  above-named  canals  there  is  the  surplus  canal, 
from  which  the  North  Point  Consolidated  Canal  is  taken.  The  latter 
conducts  water  to  the  low-level  area  north  of  the  base  line,  but  is  little 
used  for  irrigating  purposes  because  of  the  unsatisfactory  results  of 
applying  water  to  this  level,  salty  land. 

The  irrigation  canals  on  this  side  of  the  river  have  an  aggregate 
espacity  of  about  600  cubic  feet  per  second,  but  less  than  half  of  this 
amount  is  required  or  used  on  the  25,000  acres  under  cultivation.  On 
the  low-level  area,  between  Salt  Lake  City  and  the  lake,  many  attempts 
have  been  made  and  much  money  expended  in  the  endeavor  to  success- 
fally  irrigate  the  land;  but,  with  a  few  minor  exceptions,  the  attempts 
We  all  proved  failures. 

The  canals  are  owned,  for  the  most  part,  by  the  owners  of  the  land 

^nder  irrigation,  and  the  only  paid  officer  is  the  ''water  master,"  whose 

duty  it  is  to  attend  to  the  equitable  distribution  of  the  water  to  the 

shareholders.    At  stated  intervals,  along  tlie  main  canals,  laterals  are 

tiiken  out  to  supply  the  farms  along  its  course.     Bach  lateral  has  a 

head  gate,  the  opening  or  closing  of  which  is  controlled  by  the  water 

luaster,  and  the  size  of  the  opening  is  varied  according  to  the  number 

<'f  shares  supplied  by  the  lateral  and  the  total  water  supply  for  the 

<*anal.    If  the  water  supply  is  plentiful,  the  gates  usually  remain  with 

s  certain-sized  opening  throughout  the  season,  and  the  water  is  per- 

initted  to  flow  continuously.    Each  shareholder  is  entitled  to  use  all  of 

^6  water  flowing  in  the  lateral  for  a  stated  number  of  hours  and  at 

stated  intervals,  according  to  a  schedule  agreed  upon  at  the  beginning 

of  the  season* 
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SOILS. 

The  area  sorveyed  in  ldd9  indndew  all  of  that  part  of  Salt  Laki 
Valley  lying  west  of  the  Jordau  Biver,  and  is  equal  to  about  two-third« 
of  the  eutire  valley.  It  extends  westward  to  the  foothills  of  tbc 
Oquirrh  Mountains  and  the  Great  Salt  Lake  and  northward  to  the  lake 
The  area,  roughly  estimated,  is  14  miles  east  and  west  by  28  miles  iiortL 
and  south  at  its  greatest  extremes,  and  includes  over  250  square  miJea 

Topographically  the  area  varies  in  elevation  from  the  present  level  ol 
the  lake,  which  is  4,170  feet  above  sea  level;  to  about  4,700  feet  at  the 
foothills.  A  contour  taken  50  feet  above  the  lake  would  include  the 
northern  half  of  the  district,  which  is  comparatively  level.  The  por- 
tion above  such  a  contour  inclines  toward  the  mountains  at  the  rate  of 
from  50  to  100  feet  per  mile.  The  drainage  is  into  the  Jordan  River  or 
directly  into  the  lake. 

The  soils  have  been  formed  by  material  brought  down  from  the  moun- 
tain sides  and  by  sediments  from  the  ancient  Lake  Bonneville,  all  of 
which  have  been  materially  modified  by  inflowing  streams  from  the 
mountains  and  by  the  vacillating  shore  of  the  lake.  Soils  formed  in 
this  way  are  usually  heterogeneous,  and  these  soils  form  no  excep- 
tion to  the  rule.  In  the  lower  part  of  the  valley  the  sediment  is  very 
deep,  no  rock  or  gravel  being  found  at  a  depth  of  a  hundred  or  more 
feet.  As  we  get  near  the  foothills,  gravel  and  rock  are  i)lentiful  and 
often  crop  out  at  the  surface.  Here  there  is  little  or  no  lake  sedimcut 
apparent. 

The  soUs  are  fertile,  but  in  the  natural  condition  support  only  a 
meager  vegetation,  because  they  are  either  too  dry  or  too  salty.  On 
the  higher  portions,  where  there  is  little  salt  present,  sagebrush  forms 
the  chief  growth,  while  in  the  lower  areas,  where  there  is  more  moisture 
and  much  salt,  salt-loving  perennials,  such  a  greasewood  and  <<  mutton 
sas,^  abound. 

The  following  classification  of  the  soils  is  based  on  the  judgment  of 
the  field  experts,  typical  samples  of  the  various  types  being  sent  to  the 
laboratory  and  analyzed,  not  as  a  basis  tor  classification,  but  iti  order 
to  obtain  an  explanation  of  certain  characteristics  as  they  appeared  in 
the  field. 

The  chief  basis  of  the  classification  is  texture,  as  determined  by  the 
feeling  and  appearance  of  the  soil,  and  it  will  be  seen  by  studying  the 
analyses  of  samples  of  the  different  types  that  the  judgment  of  the 
experts  is  quite  as  accurate  as  the  analysis  itself. 

The  classification  is  based  chiefly  on  the  characteristics  of  the  first 
foot  in  depth  of  the  soil,  although  the  underlying  stratum  is  sometiuies 
considered,  as  in  the  case  of  the  Bingham  gravelly  loam,  where  the 
gravel  is  sometimes  absent  in  the  top  foot,  but  occurs  in  the  second  or 
third  foot. 

The  soils  have  been  classified  under  eight  types,  in  the  order  of  the 
magnitude  of  their  respective  areas,  as  iollows: 
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1.  Jordan  sandy  loam. 

2.  Bingham  gravelly  loam. 

3.  Jordan  loam. 

i.  Jordan  clay  and  clay  loam. 

5.  Jordan  meadows. 

6.  Joidau  sand. 

7.  Bingham  stony  loam. 

8.  Salt  Lake  sand. 

JOBDAlf  flAMDT  IM/M. 

This  loam,  shown  on  the  soil  map  by  the  orange  color,  comprises 
aboat  30  per  cent  of  the  entire  dintrict,  and  is  the  most  important  of 
the  varioat)  types  of  the  soil,  both  in  extent  and  quality.  It  is  a  light, 
sandy  loam,  varying  from  one  to  several  feet  in  depth,  the  texture  of 
which  is  shown  in  the  accompanying  table  of  mechanical  analyses. 
Jf«ok<i«ieaI  ttnalgitt. 
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The  analyses  of  the  eight  samples  of  soil  in  the  above  table,  the 
sampler  being  taken  from  the  first  foot  in  depth,  probably  represent 
tbe  range  in  texture  for  this  type  of  soil.  The  clay  content  is  compara* 
IJvely  low,  ranging  from  a  miniroam  of  8.79  per  c«nt  to  a  maximum  of 
15.03  per  cent  with  a  mean  of  abont  12.2  per  cent,  which  may  be  taken 
as  representing  the  average  clay  content  of  this  type  of  soil.  By 
far  the  larger  part  of  the  separations  occar  ander  the  heads  of  very 
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fine  sand  and  silt,  which  give  an  average  of  254.1  and  28.6  per  oentjf 
respectively. 

The  soil  varies  somewhat  in  nnderlying  strata,  but  the  most  osiui 
profile  is  2  feet  of  sandy  loam,  1^  feet  of  loam,  and  1  foot  of  fine  sandj 
underlaid  by  clay  to  considerable  depth.  In  the  above  table  Nob.  437i 
and  4371  show  the  texture  of  the  loam  and  sandy  loam  (the  latter 
approximating  very  fine  sand)  which  underlie  soil  No.  4369,  while  No& 
4367  and  4368  represent  the  loam  and  fine  sand  underlying  soil  No.  4366. 
The  clay,  which  usually  occurs  at  a  greater  depth  than  these  sanplef 
represent,  corresponds  in  texture  to  the  analyses  given  for  the  same 
under  Jordan  loam  on  page  95.  Subsoils  of  this  texture  permit  a  ready 
movement  of  the  ground  water,  and  should  therefore  be  easily  under 
drained  by  placing  lines  of  tiles  150  feet  apart 

As  a  rule  the  Jordan  sandy  loam  overlies  the  Jordan  loam,  on  which' 
it  generally  borders,  and  it  occurs  mostly  in  the  irrigated  district  and 
the  low  land  to  the  north.  That  portion  of  it  lying  above  the  irrigation 
canals,  as  well  as  that  in  the  irrigated  district  wherever  the  water  table 
is  10  or  more  feet  below  the  surface,  is  free  from  any  excessive  amount 
of  salts.  On  the  low  area  to  the  north,  however,  it  generally  contains 
considerable  salt,  especially  in  the  lower  depths.  The  native  vegeta- 
tion on  this  part  of  it  consists  mainly  of  greasewood  and  shad  scale 
(perennial  bushes  growing  from  L  to  4  feet  in  height)  on  the  drier  and 
less  salty  portions;  and  of  mutton  sas,  salt  grass,  and  various  small 
aalt-loving  annuals  on  the  moist  and  more  salty  places. 

The  accompanying  table  shows  the  per  cent  of  salt  in  solution  when 
the  soil  is  saturated  with  water  for  various  depths  and  places  in  the 
Jordan  sandy  loam,  the  percentage  being  calculated  on  the  water-free 
soil. 

Table  ikowing  the  soluble  salt  oanient  at  saturation  for  various  places  and  depthe  in  Jordas 

sandy  loam. 
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Borings  Nos.  200  and  206  represent  about  the  mean  salt  content  of 
this  type  of  soil  on  the  good  irrigated  land.  Bere  the  salt  rarely 
exceeds  0.1  per  cent  above  a  depth  of  5  feet.  While  there  is  a  gradual 
increase  in  the  salt  as  we  go  down,  it  never  occurs  to  an  alanniog 
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stent,    althoagh  there  may  be  sufficient  to  wash  out  into  seepage 
ireaB  below,  and  thus  cause  damage  by  its  aocnmniation. 

Boxings  No6.  16,  99,  and  651  show  the  oondition  on  the  low  land 
rbere  the  water  table  is  ¥nthin  4  or  less  feet  of  the  sur&ce.  Here 
bere  is  a  comparatively  large  amount  of  salt  present  and  Nos.  16 
ind  99  show  an  accumulation  in  the  surface  foot,  which  is  usually 
S&e  case  when  the  water  is  3  feet  or  less  below  the  surface.  These  bor- 
tn^s  Tvere  made  during  the  driest  part  of  the  year,  and  it  is  probable 
OkAt  the  water  table  is  nearer  the  surface  during  the  time  of  the  year 
wlieTi  more  rain  falls. 

Borings  No.  300  is  in  a  favorable  location  on  the  low  land  where  the 
crater,  before  irrigation  was  undertaken,  was  nearly  10  feet  below  the 
sorface.  It  has  been  irrigated  for  three  years  and  is  now  planted  in  trees. 
The  salt  content  is  fairly  uniform  in  its  distribution  and,  while  not 
present  in  great  quantity,  there  is  sufficient  to  cause  sarious  trouble  if 
allowed,  to  accumulate  in  the  surface  portion  of  the  soil.  This  it  is 
likely  to  do  if  the  water  table  rises  much  above  its  present  level. 

Borings  No.  029, 644,  517,  and  626  are  representative  of  the  amount 

and  vertical  distribution  of  the  salts  for  the  unirrigated  low-land  part 

of  this  type  of  soil,  where  the  depth  to  standing  water  is  6  or  more  feet, 

which  is  usually  the  case.    In  these  samples  the  aggregate  amount  of 

sal  L  to  the  depth  of  6  feet  is  considerable  and  will  correspond  to  the  area 

shown  on  the  map  by  an  appropriate  color,  where  the  salt  content  to  a 

depth  of  5  feet  ranges  from  0.6  to  1  per  cent.    A  small  portion  of  this 

type  of  soil,  however,  falls  within  another  area  on  the  map,  where  the 

salt  content  exceeds  1  per  cent,  while,  on  the  other  hand,  some  of  it  falls 

in  the  blue  area,  with  less  than  0.6  of  1  per  cent.    The  first  foot  usually 

carries  a  relatively  snudl  amount  of  salt  and  indicates  that  crops  could 

be  successfully  grown.    As  we  go  deeper,  however,  the  amount  of 

salts  increases  very  rapidly  and  the  second  foot  is  usually  about  the 

limit  for  alfalfa,  while  the  third  foot  almost  invariably  contains  too 

much  to  permit  the  growth  of  any  agricultural  crops.    At  6  feet  there 

is  usually  about  2  x>er  cent  of  salt. 

This  distribution  of  the  salts  probably  occurs  because  the  rains  wash 
them  downward  more  rapidly  than  they  are  returned  toward  the  sur- 
face by  evaporation.  If  irrigation  water  were  applied,  the  salts  would 
continue  to  move  downward,  provided  the  water  table  remained  at  its 
present  depth.  Unfortunately,  however,  the  application  of  wat«r  inva- 
riably causes  a  rise  of  the  water  table,  and  if  the  application  be  con- 
tinue over  a  considerable  area  the  water  table  comes  sufficiently  near 
the  surface  to  cause  excessive  surface  evaporation,  which  results  in  an 
upward  movement  of  the  salts  and  their  consequent  accumulation  at 
the  surface.  The  present  surface  conditions  as  regards  the  amount  of 
salt  are  fairly  good  over  considerable  areas,  but  in  order  to  improve  or 
even  maintain  these  conditions  under  irrigation  thorough  underdrainage 
is  impei-ative. 
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The  Jordan  sandy  loam  is  easily  cultivated  and  is  safficiently  fertile 
to  produce  almost  any  class  of  crops.  It  forms  the  most  valuable  por- 
tion of  the  low  salty  area^  because  of  the  ease  with  which  it  may  be 
reclaimed  by  nnderdrainage  and  washing.  Owing  to  the  light  texture 
of  the  subsoil,  the  lines  of  drains  could  be  farther  apart  than  in  the 
heavier  soils,  and  it  would  therefore  be  less  expensive  to  drain. 

The  diagram  on  page  93  (fig.  9)  shows  sections  in  various  directions 
in  the  valley  and  illustrates  the  couRtitution  of  the  soils  to  a  depth  of 
6  feet. 

BINGHAM  ORAVBLLY  LOAM. 

This  type  of  soil  is  next  in  extent  to  the  Jordan  sandy  loam,  and 
comprises  60  square  miles,  or  24  per  cent,  of  the  entire  district.     Except- 
ing about  2,000  acres  immediately  under  the  Utah  and  Salt  Lake  Canal, 
principally  in  the  southern  part  of  T.  1  S.,  R.  2  W.,  it  all  lies  above  the 
irrigation  canals  and  is  too  elevated  to  be  irrigated  by  any  of  the  pres- 
ent water  supply.    There  has  been  a  scheme  proposed  for  raising  part 
of  the  water  passing  through  the  Jordan  Narrows  by  hydraulic  means 
and  constructing  another  canal  above  and  parallel  with  the  Utah  and 
Salt  Lake  Canal.    The  height  to  which  it  would  be  profitable  to  raise 
water  for  irrigation  purposes  by  such  means  would  take  in  only  a  nar- 
row strip  of  this  upland,  owing  to  the  steepness  of  the  slope  toward  the 
mountains. 

At  Herriman  there  are  about  100  acres  irrigated  by  water  taken  from 
Butterfield  Creek,  and  in  the  northwestern  part  T.  2  S.,  R.  2  W.,  there 
are  a  few  small  springs  which  serve  to  irrigate  a  very  limited  area 
There  are  also  a  few  small  farms  along  Bingham  Creek  irrigated  by  its 
waters. 

During  freshets  considerable  water  comes  down  from  the  canyons  of 
the  Oquirrh  Mountains,  and,  in  a  few  instances,  some  of  it  is  diverted 
and  used  for  irrigation.  This,  however,  is  very  unsatisfactory,  because 
at  times  when  water  is  most  needed  no  water  is  to  be  had.  The  only  pos- 
sible means  of  successfully  irrigating  any  considerable  area  of  this  land 
is  by  storing  the  water  from  the  mountain  streams  in  reservoirs  con- 
structed for  that  purpose. 

The  Bingham  gravelly  loam  comprises  the  area  shown  on  the  soil 
map  by  the  brown  color.  It  is  always  underlaid  by  gravel  at  within  3 
feet  of  the  surface,  and  the  small  gravel  generally  papearsatthesarfiice 
in  greater  or  less  quantities. 

The  following  table  gives  the  mechanical  analyses  of  four  samples 
of  this  soil  to  12  and  15  inches  in  depth. 
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The  annual  [trecipitntion  iu  the  nioantaiDS  is  greater  tbnu  iu  tlie  V:i; 
leys,  and  it  is  estimated  thatitiDcludes  6  feet  of  snow,  which  lingers  i)d 
tlie  iiioaritaiiia  the  greater  part  of  the  summer.  This  is  imjiortant  \i 
relation  to  in-igation,  because  it  makes  the  water  supply  plentiful 
throughout  the  season. 

The  aitnnal  evaporation  from  a  free  wHter  surface  in  Salt  Lake  Vally 
is  estimated  at  8  feet.  Data  from  one  of  the  tiall  companies  show  ibf 
evaporation  tirom  their  ponds  to  be  about  37  inches  from  June  to  Se|H 
tember,  inclusive.  It  should  be  borne  tit  mind,  however,  that  rhis  i^ 
from  a  saturated  salt  solution  and  that  the  presence  of  mucb  Raltlnwrni 
the  vapor  tension,  and,  consequently,  the  rate  of  evaporatiun.  TL« 
evaporation  from  a  fresh-water  service  would  no  doubt  have  been  muck 
greater. 

The  mean  annual  temperature  is  51,2°  P.,  with  a  mean  maximum  at 
76.6°  in  Jaly  and  a  minimum  of  27.9°  in  January.  The  mean  tempei». 
ture  for  from  June  to  September,  inclusive,  Ik  70.6°  F. 

The  following  table  gives  the  mean  monthly  and  yearly  tern  piTui  are 
for  the  past  twenty-five  years. 

Mean  monthly  amd  mean  annual  Umperalitre,  Salt  I^akaCiti/,  Vtati,/rotu  tS74  to  1S99. 


Jau.    Fab.    Ukr.   Apr.lM>f.  June.  Jul;.  Aug. 


».B     17.T  I  E5.2 


U.S     7D.3     78.  < 


.    Oet.    Nov. ;  Dee.  i 


is.e   M.a    w.( 


T«.»     04.8  '48.1 


A5.S    S].«    42.a    w.i 


37.8  I  M4 
ST.Zl  38.2 
.  43  2     37.4 


Ti.7  I  «4.»    Gt.2    : 


The  mean  annual  wind  movement  is  at  the  rate  of  5.4  miles  per  hour, 
with  a  maximum  of  GA  miles  in  May  and  a  minimum  of  4.3  miles  in 
November. 
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Mechattical  analjfsea  of  Bingham  gravelly  loam  aoih. 
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The  analyses  show  the  texture  of  the  fioe  earth  after  all  gravel 
larger  than  two  millimeters  in  diameter  has  been  taken  out.  The  clay 
ranges  from  13.5  to  22.6  per  cent  of  the  fine  earth.  The  coarse  gravel 
varies  from  4.4  to  54.5  per  cent.  The  gravel  is  small  and  more  or  ]e.<8 
roanded  and  interferes  little  with  the  cultivation  of  the  soil.  Below  3 
feet,  and  sometimes  at  even  a  less  depth,  the  gravel  becomes  large  and 
occasionally  gives  place  to  bowlders  and  rock.  The  most  usual  prolile 
to  6  feet  in  depth  is  18  iuches  of  gravelly  loam,  underlaid  by  lar<:e 
gravel.  This  type  of  soil  is  usually  free  from  noticeable  amounts  of 
salt,  as  will  be  seeu  by  referring  to  the  salt  map.  The  native  vegeta- 
tion consists  largely  of  sagebrush,  with  some  rabbit  bush,  grass,  tum- 
ble weeds,  etc. 

A  considerable  percentage  of  this  type  of  soil  is  dry  farmed  to  wheat 
As  a  rule,  the  yield  is  small,  but  in  years  of  abundant  rainfall  it  some- 
times exceeds  20  bushels  per  acre.  The  land  slopes  rapidly  toward  the 
mountains  and  has  many  deep  washouts,  which  seem  much  larger  than 
would  be  required  for  the  natural  escape  of  the  drainage  waters.  These 
were  probably  formed  by  cloudbursts,  which  at  some  period  visit  most 
of  the  areas  in  the  Bonneville  Basin. 
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This  type  of  soil,  while  ranking  third  in  extent,  is  perhaps  second  in 
importance,  as  it  mostly  lies  within  reach  of  the  present  irrigation 
water  supply.  It  comprises  about  50  square  miles,  or  20  per  cent  of 
the  total  area,  and  four-fifths  of  it  lies  below  the  present  canal  syB- 
tems.  Of  this  portion,  however,  there  are  numerous  isolated  areas, 
occurring  in  the  area  of  clay  flats  near  the  shore  of  the  lake,  which, 
owing  to  their  irregular  forms,  small  size,  and  location  would  be  rela- 
tively expensive  to  irrigate.    The  main  body  of  this  type  of  soil,  iiow* 
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<ver,  oonM  be  easily  irrigated  and,  as  demonstrated  by  that  portion 
mw  under  cultivation  in  the  irrigation  district^  would  prove  excellent 
Kid  if  put  in  proper  condition. 

This  type  of  soil  is  shown  on  the  soil  map  by  the  areas  in  solid  red. 
k  varies  much  in  depth  and  underlying  strata;  the  most  usual  profile, 
Wwever,  is  3  feet  of  loam,  underlaid  by  clay  which  contains  frequently 
lockets  or  strata  of  sand. 

The  accompanying  table  of  mechanical  analyses  shows  the  texture  of 
le  surface  foot  in  six  localities  and  the  character  of  the  subsoil  under- 
fmg  two  of  them. 

Meekamical  analjfses  of  Jordan  loama. 
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"^e  clay  content  varies  from  a  minimum  of  14.7  ])er  cent  to  a  maxi- 
mam  of  31.8  per  cent.  The  latter  amount  is  rather  high  to  be  classed 
^  a  loam,  30  x>6r  cent  being  usually  taken  as  the  upi^er  limit  for  this 
class.  This  sample,  however,  was  easily  classed  as  a  loam  by  the 
olmrver  in  the  field,  and  the  fact  that  it  contains  a  lower  percentage 
of  silt  and  fine  silt  than  any  of  the  other  samples  analyzed  for  either 
this  or  the  two  pre<*eding  types  of  soil  accounts  for  the  apparent  conflict 
between  the  analysis  and  the  field  judgment  The  silt  content,  being 
aoasaally  low,  counteracts  the  effect  of  part  of  the  clay,  and  therefore 
gives  the  sample  the  characteristics  of  loam.  The  mean  clay  content 
of  23.9  per  cent  for  theoc  six  samples  may  be  taken  as  representative  of 
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this  type  of  soil.  The  other  large  separations  are  under  the  heads  i 
very  fine  sand  and  silt,  which  give  21.5  and  30.4  per  cent  respectivcl 
The  first  four  separations  show  a  very  small  percentage  in  any  of  4 
samples.  .   i 

Samples  Nos.  4332-35,  inclusive,  show  the  texture  of  the  sabaoil  ta| 
feet  in  depth  under  soil  No.  43  U.  The  second  t<x)t  is  also  a  loanif  ti^ 
heavier  than  the  first,  which  is  on  the  border  line  betweeu  Jordan  sai^ 
loam  and  Jordan  loam;  next  comes  very  fine  sand,  which  contioa^ 
about  two-thirds  of  the  way  through  the  fourth  foot,  and  below  thia^ 
clay  loam.  This  character  of  subsoil,  while  common  under  Jordan  loaa 
is  perhaps  more  characteristic  of  the  first  type  of  soil.  I 

Samples  Nos.  4372  and  4373  show  the  texture  of  the  subsoil  under  ad 
No.  43G4.  Here  the  second  and  third  feet  are  clay  loam  and  the  fourlj 
toot  clay.  This  is  more  characteristic  of  this  type  of  soil  than  is  ~ 
former  subsoil,  exceptiug  that  the  overlying  loam  is  of  less  depth  tl 
the  average.  Subsoils  of  this  character  are  so  heavy  that  ordinal 
they  would  be  rather  expensive  to  drain,  on  account  of  the  short  intern 
at  which  lines  of  tiles  would  need  to  be  laid  in  order  to  prove  effectiv^ 

The  field  observations  here,  however,  show  that  the  clay  or  clay  loafl 
subsoil  is  most  usually  inlaid  by  strata  of  fine  sand  varying  frora  i 
fraction  of  an  inch  to  a  foot  or  more  in  thickness*  While  these  stniti| 
are  continuous  for  only  short  distances,  yet  they  occur  at  such  ireqaeatl 
intervals  that  they  would  undoubtedly  be  of  material  assistance  if  under- 
drainage  were  undertaken. 

Soil  No.  4324  occurs  in  an  area  wet  by  large  springs  and  producing i 
luxuriant  growth  of  salt  grass,  which  accounts  for  the  high  jiercentags 
of  organic  matter.  The  apparently  high  percentage  of  organic  mat^ 
ter  in  the  heavier  samples  is  probably  in  part  water  of  crystallizatioDy 
which  is  only  driven  off  by  temperatures  higher  than  are  required  for 
moisture  determinations. 

On  the  lowland  the  Jordan  loam  lies  slightly  lower  than  the  sand/ 
loam.  It  has  the  water-table  rather  near  the  surface  and  carries  » 
higher  percentage  of  salt. 

The  accx)mpanying  table  gives  the  percentage  of  salt  in  each  foot  toft 
depth  of  6  feet  for  various  places  in  this  type  of  soil. 

Table  showing  the  per  cent  of  salts  at  saturation  at  various  places  and  deptha  in  Jorie» 

loam, 

[Peroentage  caloaUted  on  water-free  aoU.] 


No.  of  boring. 

Depth  In  feet. 

'  Depth  » 
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1. 
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6.                 8. 
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.86 
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.05             .06 
.23             -19 
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.16 
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1.44             1-13 

.02 
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.28 
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Borings  Kos.  275  and  149  are  typical  of  the  favorable  conditions  for 
kis  type  of  soil  in  the  irrigated  district.  Nos.  447,  138,  and  127  are 
^resentative  of  the  conditions  in  the  southern  part  of  T.  1  S.,  B.  1 
nd  2  W.,  where  seepage  water  has  caused  an  abandonment  of  the  land 
r  farming.  Here  the  water  table  lies  within  3  or  less  than  3  feet  of  the 
irfaee,  and  while  the  total  salt  content  to  a  depth  of  6  feet  is  only 
bout  0.25  per  cent,  yet  in  the  surface  foot  it  has  accumulated  to  such 
II  extent  as  to  be  fatal  to  some  crops.  By  removing  the  water  the 
nl  would  soon  return  to  a  productive  state. 

Boring  No.  375  is  in  a  low  level  area  which  is  watered  by  large 
^gs.  At  the  time  this  determination  was  made  the  water  had  been 
tmed  off,  and  the  water  table  was  4^  feet  below  the  surface.  Ordi- 
irily  it  is  much  nearer  the  surface  than  this,  and,  in  fact,  the  surface 
t  frequently  covered  by  water.  The  salt  content  is  high  and  shows  an 
Kumulation  at  the  surface,-  this  being  always  a  result  of  wetness. 
lbs.  623,  624,  343,  and  649  show  the  range  in  salt  content  and  its  usual 
istributiou  on  the  lowland  part  of  this  type  of  soil  when  the  water 
ible  is  more  than  4  feet  below  the  surface.  They  all  show  the  mini- 
mm  amount  in  the  surface  foot,  and  a  gradual  increase  as  the  depth 
lereases.  No.  623  shows  an  unusually  small  amount,  649  an  excessive 
BioaDt,  and  624  and  643  normal  amounts  for  this  type  of  soil. 
A  comparison  of  the  soil  and  salt  maps  shows  that  most  of  this  type 
f  soU  which  is  on  the  lowland  falls  within  the  slate  colored  area  on  the 
lit  map — i.  e.,  it  contains  from  1  to  3  per  cent  of  salt  to  a  depth  of  5 
)6t  Excepting  about  2  square  miles  near  the  mouth  of  the  Jordan 
BTer,none  of  it  falls  into  the  class  containing  more  than  3  per  cent; 
Qt  on  the  other  hand  a  small  per  cent  falls  in  the  class  containing  0.6 
^  1  per  cent. 

Like  the  Jordan  sandy  loam,  this  type  of  soil  also  frequently  shows  a 
omparatively  small  amount  of  salt  in  the  surface  foot,  but  as  we 
Ascend  it  increases  rapidly,  and  when  the  soil  is  put  under  irrigation 
he  salts  soon  accumulate  at  the  surface,  unless  by  some  means  the 
rater  table  is  kept  down  and  the  surface  evaporation  reduced  to  a  mini- 
nam  by  the  best  cultivation  or  by  shading  crops. 
The  larger  percentage  of  this  tyx>e  of  soil  is  capable  of  reclamation 
17  anderdrainage  and  washing,  but  at  a  somewhat  greater  outlay  than 
roold  be  required  for  the  Jordan  sandy  loam. 

JORDAN  CLAT  AND  CLAY  LOAM. 

The  next  type  of  soil  in  order  of  extent  is  the  Jordan  clay  and  clay 
oam,  which  comprises  about  35  square  miles,  or  14  per  cent  of  the 
rhole  area.  Excepting  about  1,500  acres,  one- half  of  which  lies  west 
^f  Williams  Lake  and  the  remainder  southwest  of  Decker  Lake,  this 
7P®  of  soil  lies  from  4  to  8  feet  lower  than  the  land  immediately  adjoin- 
ing. It  is  level  and  wet,  and  rarely  contains  any  vegetation.  It  forms 
that  was  formerly  the  floors  of  lagoons  near  the  shore  of  the  lake  and 
H.  Doc.  399 7 
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olteu  extends  far  back  tuto  the  liigher  aud  better  land.  In  other  plan 
it  assumea  the  form  of  draws  extending  like  wide  irregular  canalabiri 
into  the  land  for  miles.  Its  distribution  is  shown  on  the  soil  mapli 
the  blue  color. 

The  acuompanyiug  table  gives  the  mechanical  analyses  oft  wo  »au:[ih 
of  Boil  and  the  subsoil  under  oue  of  them  to  6  feet  in  depth. 

Mechanical  aitaiyaeii  of  day  and  clay  loam  soUi. 
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Sample  No.  4351  shows  the  texture  of  the  small  upland  area  just  ntf 
of  Williams  Lake.  It  is  very  similar  to  the  Jordan  loam,  which  lia 
adjacent,  but  is  slightly  lower  and  somewhat  heavier  in  textar«.  H 
salt  content  to  a  depth  of  6  feet  is  shown  under  boring  No.  162  in  th 
table  giving  salt  content.  The  total  salt  content  does  not  differ  mitl 
rially  from  that  in  the  adjacent  Jordan  loam,  but  it  shows  an  accmni 
lation  in  the  upper  ix>rtioiis,  which  is  not  the  case  with  the  laW 
where  the  water  table  lies  at  (i  fi>et,  as  it  does  here.  The  probabilitis 
are  that  the  water  table  is  much  higher  uuder  this  soil  during  a  portia 
of  the  season. 

No.  1345  shows  the  texture  of  the  clay  loam  of  the  flats,  20  peroeil 
of  this  sample  being  under  the  heads  of  organic  matter,  and  n 
Therefore  the  clay  content  should  be  increased  from  25,67  to  over 
l>er  cent,  in  order  to  show  the  real  i>er  cent  of  clay  present  in  tlie  » 
aloue.    The  subsoil  beneath  this  is  shown  in  Nos.  4346-50. 
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The  accompanying  table  shows  the  per  cent  of  salt  for  this  type  of  soil : 

Salt  content  at  aaturationfor  variouB  place8  and  depihB  in  Jordan  claya  and  clay  loams. 

[Percentage  calcnUited  on  water-free  soil.] 


Depth 

to 
stand- 
ing 
water. 


f  nmber  of  baring. 

Depth  in  feet. 

1. 

2. 

3. 

4. 

5. 

6. 

8. 
Peret. 

10. 

n. 

,.. 

B 

Peret 
0.14 
1.18 
6.58 
4.50 
10.60 

PereL 
0.11 

Peret. 
0.12 

Peret. 
0.13 

PereL 

0.12 

PereL 
0.12 

PereL 

Peret. 

Per  eL 

B 

1,23  1    1  12 

.79  '      .68 
6.41            5.' 

io.So'     9!80 

16 

4.06 

AilA 

!2 

4.44 

2.96 

1.86 

.88 

B 

5.06       6.03 
9.80  I  11.40 

t 

B 

9.30 

FeeL 


2 
6 
8 

I* 


Boring  No.  132  gives  the  salt  for  each  foot  to  6  feet  in  depth  for  the 
na  southwest  of  Decker  Lake.  The  water  table  at  the  time  of 
laking  this  boring  was  only  2  feet  below  the  surface,  but  the  deter- 
iinadon  shows  only  a  slight  tendency  to  an  accumulation  of  salt  at 
lie  surface.  In  other  portions  of  this  area,  however,  the  accumulation 
kf  the  salt  at  the  surface  has  caused  the  land  to  be  abandoned. 

Nob.  355,  645,  and  646  give  the  salt  content  for  three  places  in  ihe 
Nuren  clay  loam  and  clay  flats,  and  the  amount  present  is  simply 
iitonishing.  The  above  determinations  show  a  range  of  ft'om  4.5  to 
114  per  cent  of  salt  in  solution  at  saturation  in  the  upper  6  feet  of 
loil,  and  it  is  probable  that  at  such  concentration  some  of  the  salts 
nay  remain  undissolved  and  are  therefore  not  shown  by  the  electrical 
method,  which  was  used  in  their  determination.  Below  6  feet  in  depth 
there  is  a  gradual  diminution  in  the  salt  content,  and  in  boring  No.  355 
it  is  only  0.88  per  cent  at  15  feet  in  depth.  Boring  No.  646  shows  a 
irery  high  salt  content,  the  average  to  6  feet  in  depth  being  10.2  per 
BODt.  Allowing  70  jiouiids  as  the  weight  of  a  cubic  foot  of  this  soil, 
the  amount  of  salt  present,  to  a  depth  of  6  feet,  in  one  square  mile 
would  amount  to  approximately  1,200,000,000  pounds.  To  the  average 
mind  such  large  numbers  give  no  adequate  idea  of  the  real  araouut. 
By  reduction  we  find  that  the  1,200,000,000  pounds  equal  600,000  tons, 
which,  at  the  rate  of  20  tons  each,  would  fill  30,000  cars.  At  20  cars 
to  the  train  this  would  equal  1,500  trains,  or  a  oontinuous  train  of  cars 
180  miles  long. 

The  agreement  in  area  of  this  type  of  soil  and  the  areas  on  the  salt 
map  BhowiDg  3  or  more  per  cent  of  salt  is  almost  identical.  This  type  of 
soil  being  low,  wet,  salty,  and  of  a  clay  nature,  is  not  worthy  of  any 
notice  for  agricultural  purposes  at  the  present  time.  Those  parts  of  it 
that  extend  far  back  into  the  better  land  form  good  drainage  outlets  for 
the  latter  and  with  very  little  improvement  would  serve  to  conduct 
drainage  water  to  the  lake. 
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JORDAN  MBAI>OWS. 


The  Jordan  Meadows  comprise  about  12  sqaare  miles,  or  4.8  per  oenl 
of  the  entire  area.  They  lie  as  a  narrow  strip,  from  a  few  rods  U 
three-quarters  of  a  mile  in  width,  bordering  on  the  Jordan  River,  ami 
their  usual  elevation  is  only  a  few  feet  above  the  water  in  the  river 
Both  the  soil  and  the  subsoil  vary  much  in  texture.  The  soil,  how< 
ever,  is  generally  either  a  sandy  loam  or  a  loam  about  2  feet  in  depth, 
which  is  underlaid  by  2  feet  of  clay  and  this  in  turn  is  underlaid  bj 
sand  and  gravel.  The  soil  is  usually  black,  on  account  of  the  larfp 
amount  of  organic  matter  that  it  contains. 

The  following  table  shows  the  mechanical  analyses  of  the  soil  from 
three  places: 

Meohanioal  analyses  of  Jordan  Meadows  soils. 


No. 


4888 
4387 


4339 


Locality. 


W.  C.  tec.  22,  T.  1 

N.,R.l  W. 
SW.  C.  »ec.  14,  T.  1 

o.<  R.  1  W. 
E.U.8eo.  14.T.3S., 

E.1W. 


Description. 


River  bottom, 
0  to  24  inches. 

River  bottom, 
Oto  12  inches. 

River  bottom, 
0  to  12  inches. 
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This  type  of  soil  was  the  first  irrigated  on  the  west  side  of  the  river, 
but  wherever  irrigation  has  been  practiced  above  this  land  the  seepage 
waters  have  come  down  and  caused  much  damage.  At  present  very 
little  of  it  is  farmed,  but  it  often  furnishes  good  pasture. 

The  accompanying  table  gives  the  salt  content  to  a  depth  of  6  feet 
in  three  localities.  The  salt  while  not  present  in  excessive  amounts  is 
sufficiently  high  to  be  harmful  and  is  sometimes  even  fatal  to  ordinary 
crops.    There  is  a  tendency  for  it  to  accumulate  at  the  surface. 

Salt  content  at  saturation  for  various  depths  and  places  in  Jordan  meadoms, 

[Percentage  calculated  on  water-free  soil.] 


No.  of  boring. 

Depth  in  feet. 

Depth  to 

BtandlBf 

vster. 

1. 

2. 

3. 

4. 

5. 

6. 

5 

Percent, 
0.37 
0.56 
0.78 

Per  cent. 
0.76 
0.51 
0.67 

Percent. 
0.40 
0.49 
0.86 

Percent. 
0.81 
0.55 
0.29 

Percent. 
0.86 

Per^nL 

OSS 

FteL 

^ 

637 

0.35  1          0.80 

7 

281 

0.27  '         0l18 

i 

JORDAN  SAND. 


These  sands  constitute  a  marginal  area  along  the  blufb  just  above 
the  Jordan  meadows,  and  are  found  in  a  few  isolated  areas  on  the 
upland.    They  are  shown  on  the  soil  map  in  yellow.    It  is  fine  sand 
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maHy  to  a  depth  of  6  feet  or  more,  although  occasioDally  oecarring  as 
d  overlyiug  Btratam  only  1  or  2  feet  in  depth,  covering  sandy  loam  or 
lam.  In  places  it  drifts  about  as  dunes,  and  is  usually  so  located  as 
>  be  difficult  to  irrigate,  therefore  it  is  not  much  used  for  agricultural 
m-poses.  Where  irrigated  it  requires  large  amounts  of  water  to  cover 
ny  considerable  distance,  and  as  a  consequence,  accumulations  of 
eepage  waters  on  low  adjacent  areas  are  the  rule.  Owing  to  the  leachy 
haracter  and  good  underdrainage,  it  seldom  contains  much  salt. 

BINGHAM  STONT   LOAM. 

This  loam  occars  above  all  canals,  and  constitutes  a  small  area  near 
lie  foothills  of  the  Oquirrh  Mountains,  shown  on  the  soil  map  by  the 
krown  color.  It  consists  of  a  thin  layer  of  sandy  or  gravelly  loam,  under- 
hud  by  bowlders,  rock,  and  conglomerate,  which  frequently  outcrops, 
bom  a  few  inches  to  the  height  of  a  man,  at  the  surface.  It  is  too  stony 
for  cultivation. 

SALT  LAKE   SAND. 

This  sand  is  a  product  of  Great  Salt  Lake,  and  consists  of  spher- 
ules about  the  size  of  No.  10  shot,  which  are  made  up  almost  wholly  of 
carbonate  of  lime.  The  accompanying  table  shows  the  mechanical 
analysis  of  a  s^ample  of  this  sand  taken  from  the  dunes  along  the  lake 
sbore.  It  is  known  as  oolitic  sand,  because  it  resembles  the  petrified 
eggs  of  fish.  Whether  the  spherules  as  such  were  formed  in  the  proc- 
ess of  separating  from  the  water  or  whether  they  were  fprmed  by  the 
action  of  the  wind  and  water,  from  the  broken  fragments  of  lime-car- 
boDate  hardpan  that  occur  in  great  quantity  along  the  shore,  was  at 
first  a  matter  of  conjecture. 

Mechanical  analysis  of  Salt  Lake  ea/nd. 


Diameter. 

i 

1                         CoDyentional  name. 

1 

4355. 

Shores 

of  G.  S.  L. 

2      tol 

\ 
1 

1  Fine  sravel 

0.62 

2.35 

8L25 

15.32 

.51 

1       to  0.5 

iCoanesand    

0.5   to  .25 
.2Sto   .1 
.1   to   .0001 

:  M^him  9And  , . -. . .. 

1  FinA  4ai^4 , , -  -- 

Very  fine  sand — silt  and  clay 

Upon  examining  the  different  separations  in  the  laboratory,  however, 

it  was  found  that  the  portion  classed  as  tine  gravel  consisted  of  quite 

angular  broken  fragments  of  lime  carbonate,  the  angles  slightly  rounded 

by  erosion.    The  particles  of  the  next  grade— coarse  sand — were  much 

more  roauded,  although  the  larger  ones  were  still  quite  angular,  as 

coald  be  seen  by  the  naked  eye.    The  third  grade — medium  sand — 

included  over  four-fifths  of  the  sample,  and  in  this  all  of  the  particles 

^ere  well  rounded,  there  being  no  angular  ones.     Under  the  micro- 

^pe  the  most  of  these  particles  proved  to  be  almost  perfect  spheres, 

vUle  a  smaller  proportion  of  them  were  oblong  or  egg  shaped.    The 
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surfacies  were  quite  smooth  and  highly  polished.    The  foarth 
fine  sand — was  similar  to  the  third,  bat  more  of  the  particles  were  oblong 
and  a  few  of  them  somewhat  cyliudrical,  while  the  small  percentage 
remaining  in  the  class  of  very  fine  sand  was  chiefly  angular  partieles of 
very  fine  sand  and  silt  with  jnst  a  trace  of  clay,  the  matmal  being  aOioe- 
oas,  not  carbonate  of  lime.    All  of  the  particles,  except  those  of  the  very 
fine  sand,  when  treated  with  dilate  hydrochloric  acid  give  rise  to  a  vio- 
lent ebullition  of  carbon  diozid  and  soon  disappear,  leaving  behind 
only  a  small  fiocculent  precipitate,  which,  under  the  microscope,  ib 
shown  to  be  clay  particles  with  an  occasional  angular  particle  of  silt 
There  seemed  to  be  no  nuclei  to  the  lime  carbonate  particles,  and  all  the 
evidence  points  to  their  formation  by  the  breaking  up  of  the  thin  pieces 
of  lime-carbonate  hardpan,  which  is  quite  abundant.     These  broken 
pieces,  when  sufficiently  cubical,  afterwardB  become  rounded  by  tiie 
action  ot  the  water  and  the  wind.    Where  the  particles  of  lime-carbon- 
ate hardpan  are  fiat  they  do  not  take  on  a  rolling  motion,  and  conse- 
quently do  not  become  rounded.    The  particles  are  sufficiently  soft  to 
be  easily  crushed  by  pressure  with  a  knife  blade.    It  forms  an  insignifi- 
cant area  along  the  shore,  either  as  dunes,  which  in  some  places  reach  10 
or  12  feet  in  height,  or  spread  out  on  the  beach  and  on  the  slightly  ele- 
vated areas  near  the  lake  shore  as  a  layer  of  from  a  few  inches  to  sev- 
eral feet  in  depth.    Whatever  its  mode  of  formation,  the  material  evi- 
dently comes  from  the  lake  water,  which  has  reached  the  saturation 
point  in  regard  to  carbonate  of  lime. 

HABDPAN. 

The  sketch  map  of  the  valley  on  page  103  shows  a  number  of  smaD 
areas  of  hardpan  on  the  level  lands  between  Salt  Lake  City  and  Great 
Salt  Lake.  This  formation  occurs  over  an  aggregate  area  of  about  12 
square  miles.  The  hardpan  usually  occurs  under  the  Jordan  sandy 
loam.  This  material  is  encountered  at  from  12  to  30  inches  below 
the  surface  and  at  an  average  depth  of  18  inches.  It  is  frx>m  2  to  18 
inches  thick,  and  averages  about  3  or  4  inches. 

The  texture  of  the  hardpan  is  the  same  as  the  material  immediately 
above  and  below  it,  but  this  layer  has  been  cemented  by  lime  carbo- 
nate. Under  ordinary  conditions  it  is  quite  pervious  to  water  and  to 
the  roots  of  plants,  but  when  dry  it  is  quite  hard  and  difficult  to  dig. 
When  moistened  with  water  and  soaked  for  a  while  it  softens  ocmsider- 
ably,  but  does  not  disintegrate  to  any  appreciable  extent.  It  effer- 
vesces freely  with  hydrochloric  acid  and  falls  apart  into  a  sandy  loam. 

As  would  be  expected,  the  subsoil  immediately  below  the  hardpan 
is  quite  moist  throughout  the  season,  while  above  it  the  soil  is  qaite 
dry  during  the  summer  months.  The  soil  above  the  hardpan  is  usn- 
al]y  free  from  excessive  quantities  of  alkali,  while  below  the  hardpan 
the  salt  content  is  very  much  greater. 

On  the  shores  of  the  Great  Salt  Lake  very  interesting  observations 
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were  made  on  hardpan  forming  on  the  surfaoe  and  in  all  sta^^es  of  f(R^ 
mation.  The  preliminary  stage  was  the  washing  np  of  algae  from  ikb 
lake  and  of  immense  quantities  of  the  salt  shrimp,  which  lives  in  the 
lake  waters,  on  to  the  beach.  These  gradually  become  crusted  over 
with  various  salts,  which,  after  repeated  leaching,  leave  only  tiie  diffi- 
cultly soluble  lime  carbonate.  As  the  organic  matter  deoompotes  it  ii 
replaced  with  the  lime  carbonate,  until  the  mass  finally  assoiMS  the 
character  of  thin  strata  of  broken  limestone  rock,  nearly  coverfi^  the 
surface  over  considerable  areas. 

Dr.  Gameron  has  examined  this  material  and  has  made  tbe  follow- 
ing interesting  statements  upon  its  probable  mode  of  formation: 

The  samples  coUected  on  the  shores  of  the  lake  by  Mr.  Oardner  saggMt  some  Ttsrj 
interestiDg  ideas  as  to  the  formation  of  hardpan.    The  samples  all  show  the  preaenes 
of  calcium  carbonate  as  such,  more  or  less  densely  oompacted,  and  there  can  be  no 
donbt  that  this  material  is  the  cement  holding  together  the  other  constitnentswhit^ 
go  to  make  up  the  hardpan.  Calcium,  in  some  form  of  combination,  is  prssent  in  the 
water  of  the  Salt  Lake.    From  an  analysis  made  by  Dr.  J.  £.  Talmage  In  1S89  there 
appeared  to  be  0.084  per  cent  of  calcium  in  the  water,  and  it  seems  reasonable  to  sup- 
pose the  amount  is  no  less  at  the  present  time.    The  original  source  of  the  lima  was 
probably  in  gypsum  or  carbonate  of  lime,  and  for  our  purpose  it  is  a  matter  of 
indifference  which  it  was.    Gypsum  (or  the  carbonate  of  lime  either)  is  but  slightly 
soluble  in  water  fi-ee  ftom  other  salts.    But  the  presence  of  another  salt  markedly 
influences  its  solubility.    If  sodium  chlorid  be  present,  we  shall  have  in  thesolatioD 
some  sodium  chlorid,  some  sodium  ions,  and  some  chlorin  ions,  thus: 

+    - 
NaCl    Na    CI 

When  the  calcium  sulphate  is  brought  into  contact  with  the  solution  we  wm  gei  at 
once  and  in  the  same  way  calcium  sulphate,  calcium  ions,  and  sulphions  in  the 
solution : 

H-    - 

CaS04    Ca    SO4 

But  the  sodium  ions  and  the  sulphions  present  will  unite  to  a  certain  extent  to  fonn 
sodium  sulphate.  At  once  there  is  a  tendency  for  the  sodium  chlorid  to  funushmore 
sodium  ions  and  the  calcium  sulphate  to  furnish  more  sulphions  to  restore  the  equilib- 
rium. In  the  same  manner  the  calcium  ions  and  the  chlorin  ions  will  unite  to  form 
the  very  soluble  calcium  chlorid  in  the  solution  with  a  corresponding  tendency  to 
the  formation  of  further  calcium  and  chlorin  ions.  While  the  gypsum  is  but  spsr- 
iugly  soluble,  all  these  other  salts  formed  are  quite  soluble,  and  more  and  more  of 
the  gypsum  will  dissociate  and  go  into  solution  until  equilibrium  be  reached.  If 
the  sodium -chlorid  solution  be  at  all  concentrated,  it  has  been  shown  that  the  amount 
of  gypsum  soluble  in  it  is  astonishingly  large.  In  this  way  it  is  eaay  to  see  how  lime 
salts  could  be  carried  down  to  the  lake.  But  just  as  the  presence  of  a  salt  increaaei 
the  solubility  of  another  without  a  common  ion,  it  decreases  the  solubility  of  the 
second  salt  if  they  both  yield  a  common  ion.  Of  all  the  possible  salts  which  msj 
form  in  a  solution  when  in  instable  equilibrium  as  regard  saturation,  that  salt  which 
is  the  least  soluble  will,  of  course,  be  precipitated.  Thus  it  is  that  the  watersof  tbe 
Salt  Lake  containing  large  amounts  of  soluble  sulphates,  practically  saturated  with 
respect  to  them  in  fact,  contain  but  a  very  small  amount  of  calcium. 

Moreover,  the  water  of  Salt  Lake  has  been  shown  in  this  laboratory  to  oontsias 
small  amount  of  carbonate,  either  calcium  carbonate  or,  much  more  likely,  fiodlom 
carbonate.  This  fact  is  not  recorded  in  any  of  the  published  analyses  of  the  wstor, 
so  far  as  I  know,  and  as  a  matter  of  fact  this  need  not  cause  any  surprise  under  tho 
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aoidy  in  the  presence  of  moistare,  wonld  dissolve  the  lime  carbonate  with  the 
tion  of  the  bicarbonate,  and  the  bicarbonate,  in  torn,  wonld  reprecipitate  as  the^ 
bonate  on  drying.    Still  farther  back  fioni  the  water's  edge  was  fonnd  anoHier  t] 
of  materia],  evidently  representing  a  later  stage  in  the  genesis  of  hardpan. 
material  appears  to  be  but  very  slightly  affected  by  treatment  with  water.    II 
practically  all  solnble  in  moderately  dilute  hydrochloric  acid,  a  small  residue 
light  brown  silt  remaining.    The  cementing  material  proves  to  be  almost  eni 
lime  carbonate  with,  perhaps,  some  magnesium  carbonate.    It  is  quite  dense 
compact  and  noticeably  free  from  the  nndecomposed  organic  matter  in  the  s] 
mens  last  described.    It  evidently  represents  a  later  product  of  the  process  of 
tion  in  carbonated  water,  repreoipitation  on  drying,  and  may  fairly  be  taken  as 
type  of  the  final  product  in  the  genesis  of  a  lime  carbonate  bardpan. 

On  the  shofo  between  the  two  deposits  last  described  (or  still  farther  back  in 
form  of  wind-blown  dunes)  are  found  great  quantities  of  small,  remarkably  w 
rounded  spherules,  whose  composition  appears  to  be  either  entirely  calcium 
bonate  or  calcium  carbonate  about  a  very  small  nucleus  of  sand  or  some  ailit 
mineral.    Several  hypotheses  have  been  suggested  as  to  the  origin  of  this  material^ 
but  so  far  none  seems  to  have  received  much  credence.     I  am  inclined  to  think  theiJ 
originated  from  the  forming  hardpan  on  the  shore,  by  the  action  of  waves  dorioi^ 
rough  weather,  by  splitting  up  of  the  parent  material  by  frost,  the  result  of  win^ 
action,  or  of  all  these  agencies.    Their  rounded  form  is  quite  easily  accounted  for  vm 
two  ways — as  the  result  of  rolling  from  the  action  of  the  water;  by  the  etching  duftil 
to  the  solvent  effect  of  the  water,  it  being  a  well  demonstrated  fact  that  in  tkfef 
absence  of  any  special  reason  to  the  contrary  the  result  of  such  action  Is  always  to 
rinind  off  the  edges  and  produce  a  spherulitio  form,  thereby  reducing  the  surface,, 
and  consequently  the  "active  mass/'  to  a  minimum.    The  striking  uniformity  in  thcfl 
si;ce  of  the  particles  may  be  taken  as  oontlrmatory  evidence  of  the  views  just  pr^! 
seuted.    Suppose  the  particles  to  have  been  originally  of  widely  varying  masses. ' 
At  such  times  as  they  would  have  been  under  the  influence  of  the  water  they  wonld  i 
have  been  stirring  about  in  a  heavy,  rather  viscous  brine,  whose  specific  gravity 
would  not  be  very  far  from  that  of  the  carbonate  particles.    Naturally  the  hea/ier 
pirticles  would  gradually  accumulate  at  the  bottom,  the  lighter  ones  at  the  top^ 
IK  I.  a8  the  turbulent  actions  ceased  because  the  particles  had  jiractically  the  same 
fill  ip«  and  density,  those  of  equal  mass  would  have  equal  volumo  and  would  settle 
at  the  same  time.    The  larger  particles  at  the  bottom  might  well  be  expected  to 
gradually  consolidate  if  left  undisturbed  for  sufficient  time,  and  some  specimens 
collected  by  Mr.  Gardner  indicate  that  such  action  has  taken  place. 

WATER  SUPPLY. 

The  main  water  supply  for  the  western  part  of  the  Salt  Lake  Valley 
is  derived  directly  from  the  Utah  Lake  and  delivered  through  the  Jor- 
dan River,  the  distance  between  the  lake  and  the  Jordan  Narrows, 
where  the  later  canals  are  taken  out,  beiug  about  6  or  7  miles. 

Utah  Lake  is  a  large  body  of  fresh  water,  having  approximately  125 
square  miles  of  surface,  but  rather  shallow.  It  U  fed  by  rather  short 
mountain  streams,  derived  largely  ft*om  melting  snow.  The  water  in 
these  streams  is  of  excellent  quality  and  quite  free  from  salts.  The  water 
of  the  lake  itself  contains  rather  more  alkali,  as  the  seepage  from  the 
surrounding  lands — both  irrigated  and  nouirrigated — sensibly  affects 
the  salt  content.  In  the  spring  of  1890  Mr.  Means  found  the  salt  con- 
tent of  Utah  Lake  to  be  about  50  parts  in  100,000.  In  a  shallow  lake 
with  such  an  extensive  surface  area  the  effect  of  evaporation  duriDg  the 
summer  must  sensibly  increase  the  concentration  of  the  salts  in  the 
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BDinstaiioeA.  Its  pseaenoe  was  discovered  almost  acoidentally.  Mr.  Gardner  had 
ampted  to  test  the  water  for  alkalinity  by  adding  pbenolphthalein  solation.  No 
or  whatever  was  apparent,  bat  on  throwing  the  contents  of  the  yessel  away  and 
empting  to  rinse  with  distilled  water  a  marked  alkaline  reaction  was  observed  in 
»wash  waters.  Investigation  showed  the  absence  of  any  alkali  in  the  distilled 
iter.  An  examination  in  this  laboratory  brought  out  the  explanation  of  the 
snomena  very  clearly.  There  is  sodium  carbonate  in  the  solation,  and  normally 
IB  would  dissociate  with  the  formation  of  sodium  ions,  which  could  be  detected  by 

0  pbenolphthalein.  But  the  water  contains  so  large  an  amount  of  salts  with 
iinm  ions  that  the  solution  is  saturated  with  respect  to  this  ion,  and,  carbonates 
lag  salts  of  a  weak  acid— that  is,  with  a  relatively  small  tendency  to  dissociate— 
e  dissociation  of  the  sodium  carbonate  is  completely  "  driven  back."  Consequently 
ere  is  no  dissociated  sodium  carbonate  in  the  solution.  On  the  addition  of  more 
Iter,  however,  the  concentration  of  the  solution  with  respect  to  the  sodium  ion  is 
ereased,  more  sodium  ions  may  be  formed,  and  the  sodium  carbonate  dissociates, 
hich  fact  is  indicated  by  the  pbenolphthalein  solution.  This  explanation  was 
vified  by  repeated  experiments  with  the  water  from  the  Salt  Lake  and  with  brines 
ntaining  traces  of  sodium  carbonate,  prepared  artificially.  There  is  the  further 
tterest  in  these  facts,  that  the  absence  of  lime  carbonates  in  tbe  lake  water  has 
MO  the  subject  of  much  interest  and  speculation.  The  explanation  is  apparent 
on  what  has  just  been  said.  As  the  conditions  are  such  that  practically  no  disso- 
ated  calcium  sulphate  or  dissociated  calcium  carbonate  can  exist,  the  water  will 
lily  take  up  so  much  of  these  salts  as  is  soluble  without  dissociation,  somewhat  less, 

1  fact,  than  if  the  other  salts  were  not  present  in  the  water. 

At  the  edge  of  the  lake  the  spray  carrying  various  salts  in  solution  falls  on 
«nches  of  algie  and  other  organic  matter,  and,  the  water  evaporating,  the  salts 
ontaiDed  are  precipitated.  Theoretically  the  first  to  separate  should  be  the  small 
awant  of  calcium  carbonate  present,  and  in  a  general  way  this  is  probably  so,  but 
fc  is  more  or  less  mixed  with  the  other  salts.  These  other  salts,  being  more  soluble, 
le  partially  restored  to  the  lake  by  the  returning  drip,  by  washing  with  rain  water, 
<te.,  and  the  calcium  carbonate  already  deposited  will  hasten  the  precipitation  of 
Bore  calcium  carbonate  from  successive  washings  of  spray,  and  thus  it  will  gradually 
^cumulate.  In  the  specimens  of  the  most  recent  formation  collected  by  Mr.  Gardner 
^hese  views  are  well  exemplified.  In  water,  either  cold  or  hot,  the  material  is 
^^i^ly  disintegrated  and  dissolved,  Ihigments  of  the  algse  (green  and  well 
P'MerYed)  being  obtainable  from  the  residne,  as  well  as  small  twigs  and  other 
vtgknic  matter.  The  contents  of  the  water  solution  appears  to  be  in  the  main 
■odium  chlorid,  though  other  salts  might  be  found  on  a  careful  examination.  The 
lolntion  showed  the  presence  of  but  little  lime  and  did  not  effervesce  noticeably  on 
we  addition  of  an  acid.  The  residue  insoluble  in  water  proved  to  be  nearly  entirely 
^bonate  of  lime,  a  very  small  residue  being  left  after  treatment  with  dilute 
hydrochloric  acid. 

'tttherback  from  the  water*sedge  specimens  were  obtained,  consisting  of  twigs, 

S'^'SBes,  etc.,  dead  organic  matter,  bonnd  together  with  a  material  which  proved  on 

B^mioation  to  be  nearly  all  calcium  carbonate,  though  there  appeared  to  be  quite  a 

"Qall  amount  of  sodium  chlorid  and  other  salts  present.    On  treatment  with  dilute 

■hydrochloric  acid,  besides  the  dead  organic  matter  there  was  a  small  residue  of  fine 

*^^  or  silt  left.    This  hardpan,  while  much  harder  and  more  compact  than  the  one 

^t  described,  is  still  sufficiently  friable  to  be  broken  with  the  fingers,  though  with 

•ome  difficulty,  and  is  fairly  porous.    It  can  be  regarded  as  representing  a  subse- 

V^tni  stage  or  later  development  of  the  first  described  specimens.    The  sodium 

oluorid  and  other  water-soluble  salts  have  been  gradually  washed  out  and  returned 

j^  ^^0  laVe.    The  calcium  carbonate,  by  alternate  redissolving  and  reprecipitation, 

IJ^beoome  more  dense  and  compact.    In  this  process  the  sodium  chlorid  may  have 

7^  AQ  important  factor.    It  would  seem  quite  probable  that  the  dead  organic  mat- 

^  ^hx  play  a  decided  r61e  in  yielding  by  oxidation  carbonic  acid.    This  carbonic 


108 


A   SOIL   SURVEY   IN   SALT   LAKE    VALLEY,    UTAH. 


sample  taken  from  the  Jordan  Biver  opposite  Salt  Lake  Oity.    The  M 
lowing  table  gives  the  resalt  of  these  analyses: 

Kind  and  amount  of  salt  in  Jordan  Biver  water  at  deierminoi  hjf  Dr.  CkMmerom, 


Kind  of  Mlt. 


Ka^GOt 

CaAO^ 

N»,S04 

Mu'Cl^ 

NaCl 

Total 

Reaidue  dried  at  1050  C 

Water  of  oryatAlUxatiou  by  diflbrenoe 


At  intake  of  Utah  and 
Salt  Lake  Canal,  Oc- 
tober 2. 


Partaof 
aaltin 
100,000 

parta  of 
water. 


4.2 
2S 
11 

S.4 
45.6 


80.2 
06 
8.8 


At   Salt    Lake  Gsj, 
Oetoberao. 


Feroeniof 

total  aalts 
preaent. 


4.71 
25.78 
12.83 

6.06 
51.12 


100 


Paitavf 

aaltte 

100,000 

jMutaef 

water. 

Perceatd 
total  aaaa 

Traoe. 

38 

0.8 

5.4 

56.8 

4.« 

100 
118.4 

I« 

0.4 

The  sketch  map  of  the  valley  (page  103)  gives  the  total  salt  content  ia 
parts  per  100,000  as  observed  during  the  progress  of  the  sarvey  in  differairt 
partsof  the  valley.  It  will  be  observed  that  there  is  considerablefiactna- 
tion  iD  the  salt  content  of  the  river  between  the  Narrows  and  Salt  Lak« 
City.  This  is  de|>endent  on  two  causes.  On  the  east  side  of  the  rivd 
there  are  a  number  of  mountain  'streams  which  deliver  a  oonsiderabie 
volume  of  snow  water  to  the  Jordan  Biver,  thus  improving  the  qoahl^ 
of  the  water  by  dilution.  On  the  other  hand,  there  is  a  large  amomit 
of  seepage  waters  collected  by  the  river  from  the  lands  on  either  side^ 
and,  as  these  waters  are  generally  highly  charged  with  alkali  salts,  tbe 
salt  content  of  the  river  tends  to  increase.  Without  this  explanatkn 
of  the  conditions  prevailing  it  would  seem  strange  to  see  a  salt  content 
at  tlie  Narrows  of  89  parts  per  100,000  and  this  increased,  at  a  point 
about  half  way  to  Salt  Lake  City,  to  197  parts;  at  the  intake  of  tbe 
surplus  canal  it  is  149  parts,  while  at  a  point  only  two  or  three  miles 
from  the  mouth  of  the  river  the  salt  content  is  126  parts  per  100,000. 

The  increase  below  the  Narrows  is  to  be  ascribed  entirely  to  the 
seepage  from  the  adjoining  irrigated,  lands  on  either  side,  while  tbe 
comparatively  low  salt  content  near  the  mouth  is  due  to  the  large  vol- 
ume of  purer  mountain  water  delivered  by  the  several  creeks  which 
empty  into  the  Jordan  liiver  at  Salt  Lake  Oity. 

The  sketch  map  shows  the  salt  content  of  the  water  in  the  irrigatioB 
canals  so  far  as  observed  during  the  course  of  the  survey.  These  mess- 
urements  cover  a  period  of  four  mouths. 

For  plants  gn^owing  with  their  roots  immersed  in  water,  i.  e.,  grown 
by  water  culture  and  not  in  the  soil,  the  limit  of  endurance  is  about  1 
per  cent,  or  1,000  parts  of  salt  per  100,000  parts  of  water.  A  soil  oon 
taining  0.4  per  cent  of  salt,  saturated  with  pure  distilled  water,  would 
have  in  the  soil  moisture  a  concentration  of  1  per  cent.  As  all  of  these 
soils  contain  more  or  less  alkali,  and  as  evaporation  and  consequent 
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concentration  set  in  immediately  after  the  application  of  water  to  the 
land,  it  is  unsafe  to  use  water  having  a  concentration  greater  than 
about  250  or  aoo  parts  per  100,000  for  irrigating  the  lands. 

According  to  this  standard  it  will  be  seen  that  all  of  the  canals  de- 
liver water  of  a  good  quality  for  irrigation  purposes,  especially  the 
higher  canals.  The  Utah  and  Salt  Lake  Oanal  contains  only  aboat  95 
parts  of  salt  per  100,000  parts  of  water,  the  South  Jordan  Canal  con- 
tains hardly  more  than  this,  while  the  North  Jordan  Oanal  contains 
nearly  twice  as  much,  but  is  still  well  within  the  limit  of  safety,  at  least 
80  far  as  immediate  effects  are  concerned.  The  limit  of  safety  is  depend- 
ent upon  so  many  things — such  as  the  salt  content  of  the  soil,  the  tex- 
tore  of  the  soil,  the  drainage,  kind  of  crop,  the  stage  and  condition  of 
caltivation,  and  the  climatic  conditions — that  only  very  general  fignres 
can  be  given  for  such  broad  application. 

APPLICATION  OF    WATEB. 
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The  three  principal  canals  on  the  west  side  of  the  river  with  which 
we  have  to  deal  are  the  joint  property  of  the  owners  of  the  irrigated 
land,  each  man  having  shares  in  proportion  to  the  amount  of  land  owned. 
Anyone  not  holding  shares  can  rent  water  rights  from  those  who  own 
more  shares  than  they  have  personal  need  of..  The  water  is  generally 
apportioned  among  the  landowners  in  proportion  to  the  stock  they 
control.  The  exact  amount  of  water  ased  per  acre  in  this  district  has 
not  been  determined ;  but  the  average  for  the  State  of  Utah  is  esti- 
mated at  about  1  second-foot  for  each  100  acres.  There  is  generally 
an  abandance  of  water  in  the  canal;  but  when  there  is  any  deficiency 
all  suffer  alike  in  a  reduced  supply.  The  water  is  allowed  to  run  con- 
tinually throughout  the  season  and  the  excess  runs  onto  uncultivated 
or  pasture  land.  There  is  believed  to  be  more  water  used  at  times  of 
abundant  flow  than  is  absolutely  necessary.  Furthermore,  the  high- 
land canals  run  for  a  portion  of  the  distance  through  very  pervious 
gravelly  loams.  The  seepage  and  waste  waters  from  the  canals  account 
in  great  measure  for  the  10  square  miles  of  good  land  which  has  already 
been  ruined  by  seepage  and  alkali.  It  has  been  shown  that  the  water 
is  of  good  quality  and  the  lands  of  the  upper  benches  are  naturally 
free  from  any  great  excess  of  alkali;  but  the  continual  seepage  from 
the  canals  during  the  growing  season  for  a  great  many  years  has 
transported  a  quantity  of  salt  to  the  lower  levels. 

The  necessity  of  careful  construction  of  the  canals,  especially  those 
on  gravelly  lands,  and  the  desirability  of  preventing  the  waste  water 
from  flowing  over  the  lower  levels  is  suf&ciently  obvious  without  further 
comment. 

The  application  of  water  on  the  low  lands  west  of  Salt  Lake  Oity, 
where  there  is  a  large  amount  of  alkali  in  the  lower  depth,  has  been 
Attended  with  very  disastrous  results  to  crops.    The  salt  has  quickly 
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riseu  to  the  surface  and,  even  where  the  surface  foot  was  originaSj 
firee  firom  alkali,  the  crops  have  been  completely  ruiued  in  the  coarse 
of  two  or  three  years. 

A  very  serious  feature  of  the  prevailing  practice  is  that  the  land  upon 
which  an  excess  of  water  is  used,  or  the  laud  adjacent  to  a  leaking 
ditch,  is  ofteu  not  injured  for  a  while  and  may  even  be  improved  bj 
the  excess  of  seepage  water;  while  the  lauds>at  the  lower  levels,  perhaps 
under  the  second  or  third  ditch,  may  receive  the  full  efifect  of  this 
pernicious  practice  or  condition. 

The  advisability  and  even  necessity  of  State  legislation,  to  compel 
the  ditch  owners  to  guard  against  undue  seepage  and  to  prevent  the 
property  owners  from  using  excessive  amounts  of  water  in  irrigatioii, 
is  sufficiently  obvious  to  require  no  further  comment  at  this  plaoa 
Property  owners  whose  lands  are  damaged  by  either  of  these  means 
should  be  able  to  recover  damages  in  civil  suits. 

UNDERGROUND  WATER. 

One  of  the  maps  accompanying  this  report  gives  the  depth  to  stand- 
ing water  at  the  time  of  the  survey.  One  of  the  three  shades  of  green 
shows  the  area  upon  which  standing  water  is  found  within  3  feet  of 
the  surface  of  the  ground ;  another  shows  the  area  where  the  water  is 
between  3  and  10  feet  of  the  surface,  and  the  third  color  shows  where 
it  is  below  10  feet. 

With  standing  water  within  3  feet  of  the  surface  of  the  soil  it  is  in  no 
condition  for  any  of  our  agricultural  crops.  Such  areas  must  be  drained 
in  order  to  use  the  land  for  agricultural  purposes.  With  water  within 
3  to  10  feet  of  the  surface  there  is  always  more  or  less  danger  in  the 
application  of  irrigation  water.  It  is  incumbent  u|)on  the  owers  of  snch 
land  to  watch  the  fluctuation  of  the  underground  water  and  to  under- 
drain  wherever  necessary. 

The  texture  of  the  soil,  and  especially  the  character  of  the  subsoil, 
will  largely  determine  the  extent  of  the  danger  to  be  feared.  The 
large  areas  south  of  Salt  Lake  City  and  the  areas  along  the  Jordan 
Eiver  with  standing  water  within  3  feet  of  the  surface  are  believed  to 
be  due  entirely  to  seepage  from  the  canals  and  from  the  irrigated  lands 
above. 

The  underground  water  map  shows,  therefore,  the  areas  whidh  require 
immediate  drainage  to  relieve  the  soil  of  surplus  water.  It  is  incom- 
bent  upon  all  those  living  within  the  areas  colored  medium  and  dark 
green  to  provide  adequate  drainage  when  the  danger  from  underground 
water  becomes  imminent. 

One  of  the  pernicious  eft(Bcts  of  the  accumulation  of  seex)age  waters 
is  that  the  soil  is  made  closer  and  more  difficult  to  drain,  th^^elbre  arti- 
ficial drainage  can  be  more  economically  and  effectively  applied  before, 
rather  than  after,  the  collection  of  seepage  waters  near  the  surfooe. 
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ALKALI  IN  SOILS. 

The  following  table  gives  the  oomposition  of  the  alkali  in  the  soils 
8U(1  crusts  from  a  unmber  of  localities,  as  determined  by  Dr.  Oameron. 
It  will  be  seen  that  the  sodiam  chlorid  constitutes  from  50  to  97  per 
cent  of  the  total  salts.  The  next  largest  constituent  is  sodium  sulphate. 
The  calcium  sulphate  is  a  difficultly  soluble  salt,  and  when  the  water 
evaporates  this  will  be  deposited  in  the  soil  as  harmless  gypsum  which 
will  not  readily  go  into  solution  again.  The  other  salts  are  all  quite 
Bolnble  and  are  liable  to  accumulate  aod  concentrate  in.  the  soil  mois- 
tare  upon  evaporation  of  the  water  from  the  surface  of  the  land. 

Chemical  mm^poHiion  of  aaUs  in  cruttt  and  soils  as  analyzed  fry  Dr.  Cameron. 


Ko, 


Locality. 


Na,00k. 


4381 


S.  1,  T.  1  S.,  R.  1  W 

3  mileB  nortiiweat  of  8.  L.  C — 

8.32.  T.  1  N.,  B.  1  W 

S.  14,  T.  S  8.,  R.  1  W , 

8.M.  T.  1  8.,  R.  2  W 

S.2.  T.  IS.,  R.  1  W 

S.  16,  T.  1  8.,  B.  3  W 

S.  2D.  T.  1  8..  R.  1  W 

Uliambera.  2  miles  east 

8.4,  T.  18..  R.  IW 

S.  1.  T.  18.,  R.  2  W 

S.14.  T.  3  8.,  R.  1  W 


GaCl|. 


0.77 


0.96 
9.28 


Trace. 

Trace. 

Trace. 

.23 


.30 
Trace. 


7.62 


MgCU. 


0.88 


10.41 


6.21 

'ii'r 

'*4.'77 


Ca80«. 


1.98 

.79 

1.06 

18.24 

2.14 

6.38 

3.72 

7.43 

9.97 

.25 

9.32 

7.33 


MKS04. 

NaaS04. 

NaCL 

96.90 

0.25 

31.16 

66.84 

.37 

43.12 

46.17 

3.16 

-*■■•••• 

73.18 

.12 

11.97 

85.94 

20.87 

8.29 

56.48 

.75 

89.31 

22.61 

9.75 

59.98 
•  72.04 

.71 

49.43 

40.30 

2.64 

83.26 

32.32 

9.86 

54.49 

The  amount  of  alkali  was  determined  by  the  electrical  method  in 
every  foot  down  to  at  least  6  feet  in  depth.  The  alkali  map  represents 
what  may  be  considered  the  average  conditions,  according  to  the  judg- 
ment of  the  observer.  If  a  boring  showed  a  small  amount  of  alkali  in 
the  surface  foot  and  a  large  amount  in  the  remaining  depth  the  soil 
was  classed  as  unfit  for  cultivation,  as  it  would  require  but  one  or 
two  applications  of  water  to  briog  an  excessive  amount  of  salt  to  the 
surface. 

Attention  is  called  to  the  very  large  accumulation  (over  3  per  cent) 
of  soluble  salt  in  certain  areas  in  the  land  west  of  Salt  Lake  City, 
There  is  a  general  agreement  between  the  alkali  map  and  the  soil  map, 
as  would  be  expected,  but  tills  is  influenced  to  a  considerable  extent 
by  the  topography  of  the  country.    The  heavy  clay  soils  and  the  land 
having  this  material  within  a  short  distance  of  the  surface  have  gen. 
erally  the  largest  accumulation  of  alkali,  on  account  of  the  imperfect 
drainage.    The  soil  of  the  uplands  is  naturally  free  from  excessive 
amoants  of  alkali,  while  the  level  area  between  Salt  Lake  City  and  the 
Oreat  Salt  Lake  contains  excessive  amounts  of  salt.    This  latter  fact  is 
undoubtedly  due  to  the  influence  of  the  Great  Salt  Lake,  which,  within 
comparatively  recent  years,  covered  much  of  this  area.    There  are  no 
antidotes  for  this  kind  of  alkali,  with  the  exception  of  the  sodium  car. 
bonate,  and  adequate  artificial  drainage  is  the  only  practical  means  of 
reclaiming  the  land  and  providing  against  further  disaster.    The  pos- 
sibilities of  reclaiming  the  level  tract  west  of  Salt,  Lake  City  will  be 
described  under  a  subsequent  head. 
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One  interesting  fact  brought  oat  in  this  investigation  is  that  al&tt 
appears  to  stand  a  slightly  higher  salt  content  in  the  Salt  Lake  Yalk^ 
than  either  in  the  Yellowstone  Yalley  of  Montana  or  the  Pecos  Yalkg 
of  New  Mexico.  This  may  be  dne  to  the  longer  period  in  which  agri 
culture  has  been  practiced  in  this  locality  and  the  gradual  adaptatioi 
of  the  alfalfa  to  these  alkali  lands.  This  is  a  matter  which  reqnira 
fuller  investigation  by  the  Vegetable  Physiologist. 

It  is  clearly  apparent,  from  the  investigations  in  the  Salt  Lata 
Yalley,  that  our  different  staple  crops  can  stand  different  amoants  a 
alkali.  These  limits  have  been  shown  on  the  alkali  map  by  drffereal 
colors. 

A  number  of  factors  enter  into  the  question  of  the  limit  of  endnranof 
of  plants  for  alkali.    With  the  same  amount  of  alkali  plants  will  soffei 
less  in  the  heavier  soils  than  in  the  sandy.    They  will  stand  more  alkali 
with  thorough  cultivation,  and  they  will  often  stand  a  considerable 
amount  of  sdkali  if  they  are  started  under  favorable  conditions.    In 
some  districts  of  California  sugar  beets  do  well  on  soils  containing  a 
large  amount  of  alkali.    They  are  planted  in  the  spring  when  the 
ground  is  wet  either  by  rains  or  by  previous  irrigations,  which  cany 
the  alkali  into  depths  of  the  soil.    When  the  soil  dries  out  the  alkali 
is  brought  to  the  surface  and  is  left  above  the  area  of  the  active  roots. 
It  is  a  common  practice  in  some  localities  to  irrigate  heavily  just  before 
planting  in  order  to  accomplish  this  very  purpose.    Obviously  this 
method  would  not  be  successful  when  the  soil  to  a  considerable  depth 
contains  an  excessive  amount  of  salt. 

Along  the  ridges  and  draws  in  the  level  west  of  Salt  Lake  City, 
where  good  drainage  is  secured,  crops  are  frequently  cultivated  with 
a  moderate  degree  of  success  when  the  land  has  a  salt  content  higher 
than  would  be  permissible  were  the  drainage  less  complete.  In  a  con- 
siderable percentage  of  this  area  the  surface  is  comparatively  free 
from  alkali.  Many  attempts  have  been  made  to  bring  such  land  under 
irrigation,  but  the  results  have  been  disastrous  after  one  or  two  years. 
In  the  upland  soils  of  this  locality  the  excessive  accumnlatioii  of 
alkali,  in  land  which  was  formerly  fri'ee  from  salt,  is  almost  invariably 
preceded  by  an  accumulation  of  s^page  water.  The  treatment  for 
alkali,  therefore,  in  soils  previously  free  firom  salt,  is  almost  always 
accompanied  by  the  problem  of  getting  rid  of  the  seepage  waters. 

BLAOK    ATiKATiI. 

The  corrosive  sodium  carbonate  is  present  in  considerable  amoants 
in  the  soils  west  of  Salt  Lake  City.  The  best  antidote  for  this,  as 
Hilgard  has  pointed  out,  is  the  application  of  calcium  sulphate,  which, 
under  proper  conditions  of  drainage  and  aeration,  converts  the  sodium 
carbonate  into  sodium  sulphate  or  white  alkaU.  On  every  area  in  which 
there  is  an  excess  of  sodium  carbonate  there  is  also  an  excess  of  white 
alkali.    It  would  be  a  waste  of  money,  therefore^  to  apply  caloiam 


Ripofl  No    S*.  U.  S.  Dt(rt.  »ti. 


I 


•:- 


« 


« -s: 


• « 


APPLICATION   OF  WATER.  109 

icentration  set  in  immediately  after  the  application  of  water  to  the 
id,  it  is  unsafe  to  use  water  having  a  concentration  greater  than 
ont  250  or  300  parts  per  100,000  for  irrigating  the  lands. 
According  to  this  standard  it  will  be  seen  that  all  of  the  canals  de- 
er water  of  a  good  qoality  for  irrigation  purposes,  especially  the 
rher  canals.  The  Utah  and  Salt  Lake  Oanal  contains  only  about  95 
rts  of  salt  per  100,000  parts  of  water,  the  South  Jordan  Oanal  con- 
ns hardly  more  than  this,  while  the  North  Jordan  Canal  contains 
ftrly  twice  as  much,  but  is  still  well  within  the  limit  of  safety,  at  least 
far  as  immediate  effects  are  concerned.  The  limit  of  safety  is  depend- 
b  upon  so  many  things — such  as  the  salt  content  of  the  soil,  the  tex- 
%  of  the  soil,  the  drainage,  kind  of  crop,  the  stage  and  condition  of 
ttiyation,  and  the  climatic  conditions — that  only  very  general  figures 
n  be  given  for  such  broad  application. 

APPLICATION  OF    WATER. 

Ihe  three  principal  canals  on  the  west  side  of  the  river  with  which 
\  have  to  deal  are  the  joint  property  of  the  owners  of  the  irrigated 
kL,  each  man  having  shares  in  proportion  to  the  amount  of  land  owned, 
nyone  not  holding  shares  can  rent  water  rights  from  those  who  own 
»re  shares  than  they  have  personal  need  of..  The  water  is  generally 
^portioned  among  the  landowners  in  proportion  to  the  stock  they 
ntrol.  The  exact  amount  of  water  used  per  acre  in  this  district  has 
it  been  determined;  but  the  average  for  the  State  of  Utah  is  esti- 
ated  at  about  1  second-foot  for  each  100  acres.  There  is  generally 
I  abondance  of  water  in  the  canal;  but  when  there  is  any  deficiency 
1  suffer  alike  in  a  reduced  supply.  The  water  is  allowed  to  run  con- 
Dually  throughout  the  season  and  the  excess  runs  onto  uncultivated 
■  pasture  land.  There  is  believed  to  be  more  water  used  at  times  of 
landant  flow  than  is  absolutely  necessary.  Furthermore,  the  high- 
nd  canals  run  for  a  portion  of  the  distance  through  very  pervious 
ravelly  loams.  The  seepage  and  waste  waters  from  the  canals  account 
I  great  measure  for  the  10  square  miles  of  good  land  which  has  already 
een  ruined  by  seepage  and  alkali.  It  has  been  shown  that  the  water 
^  of  good  quality  and  the  lands  of  the  upper  benches  are  naturally 
reefrom  any  great  excess  of  alkali;  but  the  continual  seepage  from 
be  canals  during  the  growing  season  for  a  great  many  years  has 
niDsported  a  quantity  of  salt  to  the  lower  levels. 

The  necessity  of  careful  construction  of  the  canals,  especially  those 
fn  graveUy  lands,  and  the  desirability  of  preventing  the  waste  water 
torn  flowing  over  the  lower  levels  is  sufficiently  obvious  without  further 
lomioent. 

The  application  of  water  on  the  low  lands  west  of  Salt  Lake  City, 
vhere  there  is  a  large  amount  of  alkali  in  the  lower  depth,  has  been 
Miended  with  very  disastrous  results  to  orops.    The  salt  has  quickly 
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riseii  to  the  surface  and,  even  where  the  surface  foot  was  orij 
free  fi'om  alkali,  the  crops  have  been  completely  ruined  in  the 
of  two  or  three  years. 

A  very  serious  feature  of  the  prevailing  practioe  is  that  the  laiid  ui 
which  an  excess  of  water  is  used,  or  the  land  adjaceot  to  a  leaki 
ditch,  is  often  not  injured  for  a  while  and  may  even  be  improved 
the  excess  of  seepage  water;  while  the  landsat  the  lower  levelB,  perlu 
under  the  second  or  third  ditch,  may  receive  the  full  effect  of 
pernicious  practice  or  condition. 

The  advisability  and  even  necessity  of  State  legislation,  to  com] 
the  ditch  owners  to  guard  against  undue  seepage  and  to  prevent 
property  owners  from  using  excessive  amounts  of  water  in  irri^atio^ 
is  sufficiently  obvious  to  require  no  further  comment  at  this  plaofi 
Property  owners  whose  lands  are  damaged  by  either  of  these  meaap 
should  be  able  to  recover  damages  in  civil  suits. 

UNDERGROUND  WATER. 

One  of  the  maps  accompanying  this  report  gives  the  depth  to  atand^ 
ing  water  at  the  time  of  the  survey.  One  of  the  three  shades  of  grtmk 
shows  the  area  ni>on  which  standing  water  is  found  within  3  feet  ol 
the  surface  of  the  ground ;  another  shows  the  area  where  the  water  iM 
between  3  and  10  feet  of  the  surface,  and  the  third  color  shows  where 
it  is  below  10  feet. 

With  standing  water  within  3  feet  of  the  surface  of  the  soil  it  is  in  no 
condition  for  any  of  our  agricultural  crops.  Such  areas  must  be  drained 
in  order  to  use  the  land  for  agricultural  purx>ose6.  With  water  withiB 
3  to  10  feet  of  the  surface  there  is  always  more  or  less  danger  in  the 
application  of  irrigation  water.  It  is  incumbent  upon  the  owers  of  such 
land  to  watch  the  fluctuation  of  the  underground  water  and  to  nnder- 
drain  wherever  necessary. 

The  texture  of  the  soil,  and  especially  the  character  of  tiie  subsoil, 
will  largely  determine  the  extent  of  the  danger  to  be  feared.  The 
large  areas  south  of  Salt  Lake  City  and  the  areas  along  the  Jordan 
Eiver  with  standing  water  within  3  feet  of  the  surface  are  believed  to 
be  due  entirely  to  seepage  from  the  canals  and  from  the  irrigated  lands 
above. 

The  underground  water  map  shows,  ther^ore,  the  areas  which  require 
immediate  drainage  to  relieve  the  soil  of  surplus  water.  It  is  inciun- 
bent  upon  all  those  living  within  the  areas  colored  medium  and  dark 
green  to  provide  adequate  drainage  when  the  danger  from  underground 
water  becomes  imminent. 

One  of  the  pernicious  effects  of  the  accumulation  of  seepage  waters 
is  that  the  soil  is  made  closer  and  more  difficult  to  drain,  therefore  arti- 
ficial drainage  can  be  more  economically  and  effectively  applied  before, 
rather  than  after,  the  collection  of  seepage  waters  near  the  surfiioe. 
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ALKALI  IS  SOILS. 

The  following^  table  gives  the  composition  of  the  alkali  in  the  soils 
nil  crusts  from  a  uamber  of  localities,  as  determined  by  Dr.  Cameron, 
t  will  be  seen  that  the  Hodiam  chlorid  constitutes  from  50  to  97  per 
sent  of  the  total  salts.  The  next  largest  coustitaent  is  Rodinm  sulphate, 
rhe  calcium  sulphate  is  a  difficultly  soluble  salt,  and  when  the  water 
evaporates  this  will  be  deposited  in  tbe  soil  as  harmless  gypsum  which 
rill  not  readily  go  into  solution  again.  The  other  salts  are  all  quite 
loluble  and  are  liable  to  accumulate  and  concentrate  in.  tbe  soil  mois- 
ture ux>on  evaporation  of  the  water  from  the  surface  of  the  land. 

Chemical  coimpoHiioH  of  9alU  in  cratts  and  aoiU  <u  analjfsed  by  Dr.  CauMTon. 


So. 


liooality. 


S.  1,  T.  1  S.,  K.  1  W 

3  Euileft  iMirtliwest  of  8.  L.  C. 

S.32,  T.  1  N.,  B.  1  W 

S.  14,  T.  3  8.,  K.  1  W 

8.24,  T.l  S.,  R.  2W 

S.2,  T.  IS.,  R.  1  W 

S.  16,  T.18.,  R.3W 

S.»,  T.IS..  Riw 

Cbambeia,  2  miles  east 

S.  4,  T.  18.,  R.  IW 

S.  1,  T.  ISmR.  2  W 

S.  14,  T.  3  S.,  R.  1  W 


I 


N%OOk. 


CftClf. 


0.77 


0.96 
9.28 


Trace. 

Trace. 

Trace. 

.23 


.30 
Trace. 


7.62 


Mgd,. 


0.38 


10.41 


6.21 

iaii' 
"4.77 


OaSO«.  MgSO«. 


1.96 

.79 

1.06 

13.24 

2.14 

6.88 

3.72 

7.48 

0.97 

.26 

0.32 

7.33 


0.25 

.37 

3.16 

.12 

29.87 

.76 

22.61 


NaaSO«.!  NaCL 


.71 

2.64 

32.32 


31.16 
48.12 


11.97 
8.29 


9.75 
'49.43 


06.90 
66.84 
46.17 
73.18 
8S.94 
56.48 
80.31 
59.98 
r2.04 
49.30 
83.26 
54.49 


The  amount  of  alkali  was  determined  by  the  electrical  method  in 
every  foot  down  to  at  least  6  feet  in  depth.  The  alkali  map  represents 
what  may  be  considered  the  average  conditions,  according  to  the  judg- 
ment of  the  observer.  If  a  boring  showed  a  small  anioant  of  alkali  in 
the  surface  foot  and  a  large  amount  in  the  remaining  depth  the  soil 
was  classed  as  unfit  for  cultivation,  as  it  would  require  but  one  or 
two  applications  of  water  to  bring  an  excessive  amount  of  salt  to  the 
surface. 

Attention  is  called  to  the  very  large  accumulation  (over  3  per  cent) 
of  soluble  salt  in  certain  areas  in  the  land  west  of  Salt  Lake  City. 
There  is  a  general  agreement  between  the  alkali  map  and  the  soil  map, 
as  would  be  expected,  but  this  is  influenced  to  a  considerable  extent 
by  the  topography  of  the  country.    The  heavy  clay  soils  and  the  land 
having  this  material  within  a  short  distance  of  the  surface  have  gen. 
erally  the  largest  accumalation  of  alkali,  on  account  of  the  imperfect 
drainage.    The  soil  of  the  uplands  is  naturally  ftee  from  excessive 
amounts  of  alkali,  while  the  level  area  between  Salt  Lake  City  and  the 
Great  Salt  Lake  contains  excessive  amounts  of  salt.    This  latter  fact  is 
undoubtedly  due  to  the  influence  of  the  Oreat  Salt  Lake,  which,  within 
comparatively  recent  years,  covered  much  of  this  area.    There  are  no 
antidotes  for  this  kind  of  alkali,  with  the  exception  of  the  sodium  car. 
bonate,  and  adequate  artificial  drainage  is  the  only  practical  means  of 
reclaiming  the  land  and  providing  against  farther  disaster.    The  pos- 
sibilities of  reclaiming  the  level  tract  west  of  Salt.  Lake  City  will  be 
described  under  a  subsequent  Ue94f 
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One  interesting  fact  brought  oat  in  this  investigation  is  that 
appears  to  stand  a  slightly  higher  salt  content  in  the  Salt  Iiake  Y 
than  either  in  the  Yellowstone  Valley  of  Montana  or  the  Pecos  Y 
of  New  Mexico.    This  may  be  dne  to  the  longer  period  in  which 
caltare  has  been  practiced  in  this  locality  and  the  gradual  adapi 
of  the  alfalfa  to  these  alkali  lands.    This  is  a  matter  which  req 
faller  investigation  by  the  Vegetable  Pliysiologist. 

It  is  clearly  apparent,  from  the  investigations  in  the  Salt  LaU 
Valley,  that  our  different  staple  crops  can  stand  different  amoants  a 
alkali.  These  limits  have  been  shown  on  the  alkali  map  by  differeq 
colors. 

A  nnmber  of  factors  enter  into  the  qnestion  of  the  limit  of  endonuMS^ 
of  plants  for  alkali.  With  the  same  amount  of  alkali  plants  will  sufl^ 
less  in  the  heavier  soils  than  in  the  sandy.  They  will  stand  more  aUuI) 
with  thorough  cultivation,  and  they  will  often  stand  a  consideraMj 
amount  of  alkali  if  they  are  started  under  favorable  oonditions.  U 
some  districts  of  California  sugar  beets  do  well  on  soils  containing  a 
large  amount  of  alkali.  They  are  planted  in  the  spring  when  tte 
ground  is  wet  either  by  rains  or  by  previous  irrigations,  which  cany 
the  alkali  into  depths  of  the  soil.  When  the  soil  dries  out  the  alial 
is  brought  to  the  surface  and  is  left  above  the  area  of  the  active  rool& 
It  is  a  common  practice  in  some  localities  to  irrigate  heavily  just  he£vB 
planting  in  order  to  accomplish  this  very  purpose.  Obviously  tlui 
method  would  not  be  successful  when  the  soil  to  a  considerable  depth 
contains  an  excessive  amount  of  salt. 

Along  the  ridges  and  draws  in  the  level  west  of  Salt  Lake  Citf^ 
where  good  drainage  is  secured,  crops  are  frequently  cultivated  witk 
a  moderate  degree  of  success  when  the  land  has  a  salt  content  higiiflr 
than  would  be  permissible  were  the  drainage  less  complete.  In  a  con- 
siderable percentage  of  this  area  the  surface  is  comparatively  free 
from  alkali.  Many  attempts  have  been  made  to  bring  such  laad  under 
irrigation,  but  the  results  have  been  disastrous  after  one  or  two  yeai& 
In  the  upland  soils  of  this  locality  the  excessive  aocumulation  of 
alkali,  in  land  which  was  formerly  free  from  salt,  is  almost  invariab^ 
preceded  by  an  accumulation  of  seepage  water.  The  treatment  for 
alkali,  therefore,  in  soils  previously  hee  from  salt,  is  almost  alwa^ 
accompanied  by  the  problem  of  getting  rid  of  the  aeeptkge  waters. 

BLAOK  ALKAXL 

The  corrosive  sodium  carbonate  is  present  in  considerable  amouDtB 
in  the  soils  west  of  Salt  Lake  City.  The  best  antidote  for  this,  as 
Hilgard  has  pointed  out,  is  the  application  of  calcium  sulphate,  which, 
under  proper  conditions  of  drainage  and  aeration,  converts  the  sodiam 
carbonate  into  sodium  sulphate  or  white  alkali.  On  every  area  in  which 
there  is  an  excess  of  sodium  carbonate  there  is  also  an  excess  of  white 
alkali.    It  would  be  a  waste  of  money,  therefore^  to  apply  calcioD 
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hate,  as  the  socliam  carbouate  would  be  washed  out  along  with  the 
e  alkali  on  the  introduction  of  proper  drainage  and  flooding. 
tie  limit  of  endarance  of  x>lants  for  sodium  carbonate  is  assumed 
e  that  which  Hilgard  determines  for  the  California  soils,  namely, 
)er  cent.  The  lower  limit  of  what  may  be  called  the  danger  line 
been  placed  at  one-half  this  amount. 

ttention  is  called  to  the  very  large  amount  (over  0.25  per  cent)  of 
om  carbonate  in  the  soils  of  certain  areas.  The  surface  crusts 
eionally  contain  as  much  as  10  per  cent  of  sodium  carbonate, 
te  often  there  are  large  accumulations  of  calcium  chlorid,  which  in 
instance  has  amounted  to  about  40  per  cent  of  the  total  salts 
lent.  There  is  also  frequently  an  appreciable  amount  of  strontium 
irid  in  the  cmst,  and  the  suggestion  is  made  that  some  of  the 
oeits  may  be  snfficiently  rich  in  one  or  more  of  these  three  salts  to 
rant  commercial  development.  No  special  attention,  however,  was 
i  to  this  particular  feature. 

UNDEBDBAINAGE  AUD   THE  RECLAMATION  OF  WASTE  LAND. 

Lttention  has  already  been  called  to  the  necessity  of  underdrainage 
protection  against  injury  from  seepage  waters  and  alkali  and  for 
» reclamation  of  injured  lands.  Irrigated  lands  in  the  Salt  Lake 
iOey  are  worth  at  least  ^m  $60  to  $100  per  acre.  Lands  immedi- 
^y  adjacent  to  Salt  Lake  City,  especially  if  held  as  suburban  prep- 
ay and  if  free  from  alkali,  would  be  worth  much  more  than  this. 
lAre  is  plenty  of  good  tile  clay  in  the  vicinity  of  Salt  Lake  City,  and 
e  could  be  manufactured  for  the  farmer  at  a  reasonable  cost.  It  is 
limated  that  it  would  cost  from  $10  to  $20  an  acre  to  underdrain 
Me  lands  which,  under  the  present  conditions,  have  a  merely  nomi- 
\  value. 

Lands  in  New  York,  Ohio,  and  Illinois,  worth  from  $60  to  $75  per 
re,  have  been  very  extensively  underdrained  in  order  to  increase  their 
tMloctiveness,  to  hasten  the  maturity  of  the  crops,  and  to  insure  the 
ops  from  injury  by  drought.  It  would  certainly  be  a  reasonable  prop- 
iition  to  protect  these  valuable  lands  and  to  reclaim  in  the  same  way 
hat  would  be  valuable  land.  Money  so  invested  is  in  the  nature  of 
A  ingQrance  against  loss  of  crops  from  seepage  waters  and  alkali. 
During  the  course  of  this  investigation  particular  attention  was 
iven  to  the  possibility  of  reclaiming  the  vast  tract  of  125  square  miles 
etween  8alt  Lake  City  and  the  Great  Salt  Lake.  The  levels  of  the 
wlroad  surveys  and  of  the  canal  companies  were  freely  consulted. 
U  Salt  Lake  City  the  level  of  the  Jordan  River  is  about  20  feet  above 
he  level  of  the  water  in  the  Great  Salt  Lake.  The  distance  across  is 
ibout  14  miles.  There  is  a  slight  ridge,  however,  running  a  little  west 
>f  north,  about  a  third  of  the  way  across  from  Salt  Lake  City.  From 
^he  crest  of  this  ridge  to  the  Great  Salt  Lake  there  is  a  uniform  fall  of 
^proximately  3  feet  to  the  mile.  This  would  be  ample  for  the  main 
H.  Doc  399 8 
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drainage  canals,  as  the  irrigating  canals  have  only  aboat  oue  half  d 
fall.  Farthermore,  there  are  many  draws,  already  4  to  8  feet  dflj 
extending  like  fingers  through  this  area,  which  with  little  additkM 
work  could  be  made  to  answer  for  a  considerable  part  of  the  draini 
system. 

On  account  of  the  impervious  nature  of  the  Jordan  clay,  the  gn 
salt  content,  and  the  low  elevation,  it  would  not  be  advisable  to  att^ 
drainage  over  this  class  of  land  at  the  present  time.  Subtracting  i 
area,  estimated  at  35  square  miles,  from  the  125  square  miles,  the  vd 
of  the  remaining  lands,  if  thoroughly  drained,  would  be  about  $3,01 
000.    At  present  they  have  merely  a  nominal  value. 

Any  large  drainage  system  of  this  kind  can  be  established  mi 
efficiently  and  economically  by  a  company  than  by  individual  eft 
For  an  enterprise  of  such  magnitude — so  nearly  affecting  the  welfii 
of  a  large  number  of  people — the  State  or  county  could  well  use  i 
credit  in  assisting  the  undertaking.  This  is  commonly  done  in  simfl 
enterprises  in  other  localities.  There  seems  to  be  little  doubt  of 
feasibility  of  reclaiming  this  land  fVom  the  engineering  point  of 
and,  with  the  abundant  supply  of  water,  there  is  still  less  doubt  of  ^ 
efficiency  of  the  system  when  once  introduced.  The  possibilities  si 
appeal  to  the  commercial  spirit  of  the  people  and  induce  capital 
undertake  this  very  desirable  enterprise. 

AOKNOWLEDOMENT. 

I 

The  authors  wish  to  acknowledge  their  indebtedness  to  Ck>L  €.  i 
Stevenson,  secretary  of  the  Utah  State  Irrigation  Society,  and  to  Messi 
George  A.  Lowe,  T.  J.  Almy,  E.  E.  Jerome,  and  others  for  their  assn 
auce  and  interest  in  the  investigations.  Also  to  Mr.  Wilks,  cooul 
surveyor,  and  Mr.  Kelsey,  city  engineer,  for  base  maps  and  data  relatii 
to  water  measurements  and  levels  for  various  places  in  Salt  Lake  Coan^ 
Officials  of  the  Oregon  Short  Line  Bailroad  kindly  furnished  transpa 
tation  over  all  of  their  lines  within  the  State,  which  was  of  mateii 
assistance. 


I  RECONNOISSANCE  IN  SANPETE,  CACHE,  AND  UTAH 

COUNTIES,  UTAH. 


By  THOS.  H.  MEANS. 


GEOGBAPHT  AND  TOPOGBAPHY. 

A  portion  of  July,  1899,  was  spent  in  a  rapid  sarvey  of  the  alkali 
of  Utah,  Sanpete,  and  Cache  counties  in  Utah,  with  the  following 
ilts,  briefly  g^ven.    The  conditions  in  these  three  districts  are  in 
lera]  very  similar,  yet  each  district  differs  from  the  others  in  certain 
»pects.* 

Utah  County  lies  directly  around  the  fresh-water  lake  that  bears  the 
ttme  name,  and  all  of  its  irrigated  land  is  on  what  was,  at  a  previous 
^poch,  the  bed  of  Lake  Bonneville.  The  soils  are  the  sediments  of  this 
Mcient  lake,  more  recently  modified  by  the  inflowing  streams  and  by 
weathering. 

T\ie  irrigation  water  supply  is  obtained  from  the  mountain  streams, 
the  principal  ones  being  American  Fork,  Provo  River,  and  Spanish 
Yotk.  The  source  of  the  water  supply  for  these  streams,  during  the 
urigation  season,  is  chiefly  the  melting  snow  on  the  high  mountains  of 
^«  Wasatch  Sange,  and  the  water  is  therefore  of  excellent  quality.  It 
contains  about  15  parts  of  soluble  matter  per  100,000. 

Ihe  irrigation  systems  consist  of  a  series  of  canals  and  ditches  owned 
and  operated  by  the  farmers.  Parts  of  the  valley  have  been  under  cul- 
tWatvon  for  about  forty  years.  When  the  valley  was  first  settled  the 
strip  of  land  immediately  around  Utah  Lake  was  wet  and  swampy.  By 
^gating  the  upland  the  wet  land  has  greatly  increased  in  area,  this 
increased  wet  area  becoming  less  valuable,  although  still  furnishing 
desirable  grazing.  The  principal  damage  is  from  seepage  waters,  but 
^here  the  soil  is  heavy,  salts  have  accumulated  at  the  surface  in  suffi- 
^i^nt  quantities  to  seriously  damage  the  meadows. 

Moderate  amounts  of  salts  are  everywhere  present  in  the  soil  and 
tlirough  the  agency  of  irrigation  and  seepage  waters  they  are  concen- 
^ated  within  small  areas.  An  examination  of  the  seepage  waters  from 
tlie  benches  showed  comparatively  small  amounts  of  salts  present,  but 
these  mildly  charged  solutions  are  often  much  concentrated  by  evapora- 
tion and  give  rise  to  large  accumulations  of  salts  in  the  soil. 
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Sanpete  County  is  located  in  the  central  part  of  Utah  and  its  fiu 
lands  lie  in  the  valleys  of  the  San  Pitch  and  Sevier  Rivers.     The 
lies  at  a  greater  altitude  than  the  ancient  Lake  Bonneville,  and  the 
formation  is  therefore  somewhat  different  firom  that  of  the  pi 
county.    The  valleys  are  more  level  and  slope  more  gradually  to 
mountains  than  in  the  lake  basin  proper. 

The  irrigation  water  supply  is  derived  from  several  sources, 
and  above  Manti  the  water  is  taken  directly  from  the  mountain  oany^ 
and  is  good.    Ten  miles  above  Gunnison  the  San  Pitch  is  dammed, 
forming  a  storage  reservoir  which  supplies  water  farther  do^vm 
valley,  around  the  junction  of  the  San  Pitch  and  the  Sevier. 

The  water  of  this  reservoir,  at  the  time  it  was  examined,  carrii 
between  50  and  100  parts  of  soluble  matter  per  100,000.  The  lands 
the  south  of  Gunnison  receive  their  water  supply  from  the  Sevier  Rr 
as  do  also  the  lands  around  Bichfield.  The  water  of  the  Sevier  R 
during  a  part  of  the  year  is  diverted  at  a  point  above  Gunnison.  Gi 
ually  a  portion  of  it  returns  to  the  river  as  seepage  and  at  Fayette  it  || 
again  all  taken  out  for  irrigation.  Still  farther  down,  at  Deseret,  till 
stream  is  drained  for  the  third  time. 

The  water  as  first  taken  from  the  river  is  good;  but  the  seisond  tiins 
it  is  contaminated  by  the  seepage  from  the  Gunnison  district.  The 
water  in  the  Fayette  Canal  contained,  in  July,  1894, 250  parts  of  soloUe 
matter  per  100,000;  while  in  the  Sevier  River,  just  below  Fayette,  it 
contained  over  300  parts.  At  Deseret  it  was  probably  still  worse.  The 
application  of  water  containing  more  than  300  parts  of  soluble  matter 
per  100,000  is  attended  with  great  risk  unless  precautions  are  taken  to 
prevent  concentration  within  the  soil. 

Cache  County  lies  in  the  north-central  partof  Utah,  the  farming  lauds 
receiving  water  directly  from  the  tributaries  of  the  Bear  River.  The 
irrigation  water  supply  is  taken  from  the  mountain  streams  and  is  of 
excellent  quality. 

SOILS. 

The  soils  of  the  three  districts  mentioned  above  are  so  similar  that 
they  may  be  conveniently  discussed  under  one  head.  The  fiarming 
lands  of  both  Cache  and  Utah  counties  are  all  in  the  BonneviUe  beds, 
and  the  soils  were  formed  from  sediments  deposited  from  the  ancient 
lake,  and  have,  since  its  subsidence,  been  considerably  modified  by 
inflowing  streams  and  by  weathering.  The  soils  of  Sanpete  County  lie 
above  the  level  of  the  ancient  lake  and  were  formed  by  material  brought 
down  from  the  adjacent  mountains.  They  are  very  similar,  however, 
to  those  of  the  two  preceding  counties. 

In  each  of  the  districts  the  soils  in  several  parts  vary  from  light  sand 
and  small  gravel,  through  all  grades,  to  the  heaviest  and  most  tena- 
cious clays.  The  upper  benches  of  the  deltas  around  the  mouths  of  the 
canyons,  and  also  the  shore  benches  of  Lake  Bonneville,  are  covered 
with  gravelly  soils,  grading  down  into  coarse  gravel.    These  soils  are 
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ill  underdrained  and  therefore  free  from  salts,  bat  owing  to  the  thiu- 
B8  of  the  soil  proper,  and  to  the  difficulty  of  applying  water  and  cul- 
'ating  the  soO,  they  are  but  little  farmed.  The  soils  of  the  lower 
Dches  contain  less  gravel,  but  are  sandy  and  of  light  texture. 
[Jpou  the  lower  and  more  level  parts  of  these  valleys  there  are  great 
nations  in  the  soils.  In  those  parts  farthest  fron«  the  inflowing 
"earns,  where  the  water  movement  is  slow,  the  soils  are  heavy  and 
en  contain  as  high  as  50  per  cent  of  clay.  As  we  approacli  the 
trance  of  streams,  where  the  water  movement  becomes  more  and 
ire  rapid,  the  soils  are  noticeably  lighter,  grading  through  loam, 
ndy  loam,  and  at  the  mouths  of  streams  becoming  sandy  or  gravelly, 
rigation  on  the  loose  soils  results  in  the  transportation  of  considera- 
ft  salt  to  the  lower  and  heavier  soils,  where  it  is  most  difficult  to  get 
I  of.  Around  Utah  Lake  there  is  considerable  of  this  heavy  land 
at  has  been  more  or  less  damaged  by  seepage  and  alkali  from  the 
nds  above,  and  in  Cache  Valley  tiiere  is  a  large  area  of  wet  clay 
nd  which  is  nsed  for  meadow  and  grazing.  Though  of  considerable 
Jae  in  this  way,  the  value  could  be  much  enhanced  by  drainage  and 
Ifeivation. 

ALKALI   IN  SOILS. 

In  Utah  and  Cache  counties  both  the  black  and  white  forms  of 
kali  are  present.  Originally  moderate  amounts  of  alkali  were  prob- 
>]y  everywhere  present  in  the  soil,  and  through  the  agency  of  irriga- 
OQ  and  seepage  waters  a  part  of  these  salts  has  been  transported 
nd  concentrated  in  local  si)ots. 

The  three  following  analyses,  by  Dr.  Cameron,  show  the  approximate 
xnposition  of  alkali  from  Utah  County: 
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The  crust,  No.  4160,  was  collected  from  near  the  shore  of  Utah  Lake 
ipoQ  a  bar  surrounded  by  swamps.  The  water  of  the  lake  contains 
DlMiim  In  solution.  Gypsum  acts  as  a  chemical  correction  for  the 
dack  alkali,  changing  it  over  into  sodium  sulphate.  Here  the  process 
uisbeen  complete;  all  of  the  sodium  carbonate  has  disappeared. 

In  sample  No.  4162  the  per  cent  of  sodium  carbonate  is  so  small  as 
not  to  show  black  in  the  crust  as  collected. 

The  black  alkali,  where  present,  is  in  spots  and  small  areas  and  its 
^lamatioii  with  gypsnni  will  prove  an  easy  matter. 
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In  Cache  Gonnty  the  black  alkali  is  limited  to  spots  and  tracts  in  tiii 
west'Central  part  of  the  valley  and  is  always  associated  with  the  whili 
alkali.  Gypsum  is  found  in  some  of  the  heavier  soils  and  serves  a 
valuable  oi!ice  in  ameliorating  the  severity  of  the  black  alkali. 

The  following  analyses,  by  Dr.  Cameron,  show  the  composition  of 
the  salts  under  the  two  typical  conditions: 
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In  Sanpete  County  tbe  alkali,  so  far  as  examined,  was  all  white.  Thei 
presence  of  gypsum  in  nearly  all  of  the  soils  and  in  the  irrigation  waterM 
would  lead  one  to  expect  this.  i 

The  following  analyses,  by  Dr.  Cameron,  illustrate  the  variation  in  ; 
the  composition  of  the  salts :  \ 
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Samples  4165  and  4166  represent  the  alkali  as  found  in  the  soil,  while 
4170  and  4171  were  collected  to  represent  some  of  the  possible  sources  j 
of  the  salts.    In  each  of  these  samples  gypsum  is  present  in  snfScien 
quantity  to  prevent  the  formation  of  black  alkali  in  a  well-aerated  soi 
In  the  foothills  south  of  Gunnison   rock  salt  is  mined;  the  st 
cutting  through  these  hills  are  likely  to  become  contaminated  with  thi 
salt  and  carry  it  to  the  irrigated  lands  below,  much  to  their  detriment 
No  actual  exposure  of  the  salt  is  at  present  visible  along  tbe  stream 
beds,  but  the  underground  flows  and  heavy  floods,  no  doubt,  carry 
much  of  this  salt  valley  ward. 

One  of  the  highland  canals,  running  along  the  base  of  these  hill% 
leaked  in  a  gravelly  place  and  the  resulting  seepage  at  the  foot  of  th«i 
hill  was  heavily  charged  with  salt  and  formed  a  heavy  crust  over  the 
surface  of  the  ground.  There  is  much  apprehension  that  this  upland 
canal,  tliroagh  its  seepage,  will  wash  alkali  down  to  the  lower,  heavier' 
lands  and  damage  them.  In  order  to  prevent  this  the  canal  should  be 
proteoted  from  leakage  and  great  care  exercised  in  the  use  of  water  on 
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Ught  soils  of  the  apper  slopes.  Wherever  the  level  of  standing 
BT  begins  to  rise  and  threatens  to  come  near  the  sarface  the  land 
dd  be  anderdrained.    Protection  from  seepage  is  sometimes  afforded 

seepage  ditch,  providing  the  ditch  is  dug.  along  an  impervious  layer 
sh  naturally  rises,  and  therefore  raises  the  seepage  waters.    If  no 
I  layer  is  present  a  seepage  ditch  would  afford  little  protection, 
^ere  irrigation  waters  carry  a  high  percentage  of  salts,  or  where  the 

is  naturally  salty,  surface  flooding  is  thought  to  be  better  than 
Dw  irrigation.  By  furrow  irrigation  a  crust  of  salt  accumulates 
g  the  tops  of  the  furrows  to  such  an  extent  that  in  time  it  may 
rent  the  growth  of  plants,  except  in  the  bottom  of  the  furrows  where 
water  washes  down  the  accumulation  of  salt  from  the  previous 
[ation.  By  flooding,  the  salts  over  the  entire  surface  are  washed 
n  and,  if  drainage  be  good,  they  will  pass  off  through  the  under- 
ind  drainage,  but  if  the  drainage  be  poor  they  will  return  to  the 
kce.  To  prevent  as  far  as  possible  the  return  of  salts  to  the  surface, 
growth  of  shading  crops  or  thorough  surface  cultivation  should  be 
»rted  to. 

bore  are  some  plants  more  resistant  to  alkali  than  others,  and  by  the 
ivation  of  these,  alkali  lands  may  be  at  times  utilized.  Such  plants 
Ike  Australian  saltbush,  sugar  beets,  sorghum,  and  sweet  clover  are 
ihy  of  trial. 

t  ia  found  that  sweet  clover  will  grow  successfully  with  as  much  as 
Br  cent  of  salt  in  the  soil.  It  is  a  biennial,  and  therefore  easily 
koved  from  the  land.  It  is  a  deep-rooted  legume,  and  consequently 
lens  the  soil  and  supplies  nitrogen.  Its  blossoms  furnish  excellent 
(food  and  the  leaves  and  stems  are  eaten  by  cattle  to  some  extent, 
serves  the  twofold  purpose  of  improving  the  land  and  furnishing 
ige. 

SUMMARY. 

Hie  discussion  of  the  conditions  in  the  three  counties  included  in  the 
oanoissauce  shows,  in  all  the  cases  cited,  that  the  presence  of  alkali 
to  within  the  soils  is  due  to  defective  natural  drainage.  The  obvious 
Bedy  IB  artificial  drainage.  Where  farming  is  as  intensive  as  it  is  in 
ne  parts  of  Utah  the  first  step  in  the  natural  reclamation  of  the  land, 
er  application  of  water,  should  be  drainage.  This  feature  of  the  irri- 
tioQ  question  has  been  neglected  and  the  result  has  been  the  damag- 
( of  valuable  land.  The  method  which  should  now  be  adopted  for 
B  reclamation  of  the  lands  abandoned  on  account  of  seepage  waters 
d  alkali  is  the  same  method  which,  if  originally  applied,  would  have 
Mixed  against  such  damage — that  is,  underdraiuage.  Tile  drains 
*er  the  most  effective  and,  in  the  end,  the  cheapest  method  of  draining 
eaoiL 

^e  application  of  gypsum  or  land  plaster  can  be  recommended  for 
e  black  alkali  soils.  The  effect  of  the  gypsum  on  such  soils  is  two- 
Id:  First,  the  gypsum,  improves  the  physical  condition  of  these  heavy 
>^  that  ia  to  say,  it  renders  the  soil  more  loamy  in  character  and 
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easier  to  caltivate  and  drain;  and,  second,  it  neutralizes  tlie  l>Ui 
alkali,  turning  it  into  the  white  salt  Gypsum  is  not  a  chemiesd  ai 
dote  for  the  white  alkali,  and  its  application  to  white  alkali  laiidjs  can 
of  little  valae,  except  in  so  far  as  the  gypsum  improves  tlio  pliysai 
properties  of  the  soil. 

The  growth  of  deep-rooted  crops  tends  to  loosen  the  soil  &ii<l  to  pi 
mit  the  free  downward  movement  of  the  water.    This  effect,  to^etl 
with  the  shading  of  the  ground  in  order  to  prevent  evaporatiou  and  tj 
consequent  formation  of  alkali,  is  well  illustrated  in  the   growth 
alfalfa. 


A  RECONNOISSANCE  IN  THE  CACHE  A  LA  POUDRE 

VALLEY,  COLORADO. 


By  THOS.  H.  MEANS. 


SOILS  AND  ALKALI. 

The  Cache  a  la  Poudre  Valley,  or  the  Greeley  country,  as  it  is  some- 
times called,  is  one  of  the  oldest  as  it  is  oue  of  the  most  prosperous 
irrigation  districts  of  the  West. 

Oue  month  was  speut  in  a  recouuoissance  of  this  valley  in  the  sum- 
mer of  1899,  and  as  the  conditions  there  are  unique  in  a  way  the  results 
of  the  investigations  may  be  of  more  than  mere  local  interest. 

The  Cache  a  la  Poudre  Yalley,  or  at  least  that  part  of  it  which  lies 
east  of  the  foothills  of  the  Bocky  Mountains,  is  cut  from  a  series  of 
nearly  horizontal  strata  of  cretaceous  rocks.    That  portion  of  these 
strata  which  is  exx>osed  in  the  irrigated  parts  of  the  valley  is  largely 
sandstone  or  sandy  shale,  though  at  some  places  a  bed  of  heavy  blue 
shale  is  exposed.    From  these  shales  and  sandstones  the  soils  of  the 
valley  are  formed,  modified  in  a  measure  by  the  mixture  of  materials 
brought  down  from  the  mountains  by  the  streams.    The  farming  lands 
are  situated  on  a  more  or  less  perfect  system  of  terraces  extending  back 
from  the  stream  and  merging  indefinitely  into  the  upland,  which  con- 
sists of  hills  rounded  by  erosion.    The  lateral  valleys,  which  extend 
back  from  the  main  Poudre  Valley,  are  the  result  of  flood  erosion,  no 
water  flowing  through  any  of  them  before  irrigation  was  practiced 
except  daring  times  of  heavy  rains. 

The  soils  of  the  bottom  lands  are  generally  sandy  or  gravelly,  with 
coarse,  gravelly  subsoils.  Such  soils,  where  well  drained,  furnish 
excellent  truck  lands;  but  the  greater  part  of  this  low  land  is  wet 
from  the  seepage  from  the  upper  irrigated  lands,  and  at  present  is 
Qsed  for  pasturage  and  hay  crops. 

The  second  and  third  bottoms  consist  of  heavier  soils,  becoming  in 
Borne  places  a  heavy  clay.  This  clay  land,  on  account  of  its  imper- 
vious nature,  acts  as  an  obstruction  to  the  flow  of  seepage  waters 
from  the  uplands,  and  is  in  consequence  often  wet  or  alkaline.  This 
type  of  land  abuts  directly  against  the  upland  soils,  and  extends 
Afound  the  months  of  the  draws  and  lateral  valleys.    The  same  tyj)e 
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of  heavy  soil  is  found  in  the  bottoms  of  the  draws,  where  the  natural 
moisture  has  collected  the  fine  particles  of  soil  from  the  hillsides  and 
promoted  the  disintegration  of  the  large  grains. 

The  greater  part  of  the  farming  lands  of  the  valley  lies  upon  the 
rounded  hills  of  the  uplands.  The  soil  on  these  hills  is  a  sandy  loam 
in  nearly  all  cases,  varying  slightly  in  texture.  Immediately  uorth  of 
Greeley  it  contains  about  7  per  cent  of  clay,  while  north  of  New  Wind- 
sor it  contains  12  per  cent,  and  around  Fort  Collins  the  soils  are  as  a 
rule  still  heavier. 

Many  inclosed  basins  are  found  throughout  the  country,  in  the  bot- 
toms of  which  the  soil  is  heavy  and  impervious.     In  these  natural 
basins  the  water  collects  after  each  rain,  and  wben  they  are  irrigated 
the  waste  water  collects  in  the  lowest  parts,  forming  swamps.    Tbe 
bottom  lands  were  the  first  to  be  irrigated,  and  as  the  country  became 
more  thickly  settled  new  canals  were  built  covering  the  higher  lauds. 
In  this  way  the  irrigated  land  has  extended  back  from  the  river  to  a 
distance  in  some  places  of  more  than  10  miles.    The  construction  of  one 
canal  above  another  in  this  way  has  opened  a  wide  field  for  inquiry  into 
the  possibilities  of  damage  from  seepage  water,  and  in  the  present 
investigation  special  attention  was  given  to  the  damage  already  done 
and  to  the  possible  remedies  for  this  damage. 

Since  the  time  allotted  to  tbe  field  work  was  too  short  to  warrant  a 
complete  study  of  the  district,  two  townships  were  selected,  comprising 
a  strip  of  land  from  the  Poudre  to  the  desert  land  above  the  uppermost 
canal,  the  Larimer  County  Canal.  This  section  was  studied  in  detail, 
and  the  areas  of  wet  or  alkali  soil  were  outlined  in  the  field  on  a  map. 
In  this  way  a  definite  idea  was  obtained  of  the  amount  of  wet  land 
which  at  present  exists,  and  the  best  means  for  removing  this  excess  of 
water  were  considered. 

It  was  found  that  the  amount  of  wet  land  under  the  Larimer  Ooouty 
Canal  is  small  and  confined  to  the  bottoms  of  draws  and  laud  imme- 
diately adjoining  the  canal.  The  whole  of  the  area  under  the  Larimer 
County  Canal  is  not  farmed  at  present,  but  when  all  the  laud  is  farmed 
this  area  of  wet  land  will  be  likely  to  increase.  The  seepage  water, 
however,  seems  to  originate  in  the  losses  from  the  canals  and  constantly 
running  laterals  rather  than  in  seepage  from  the  irrigated  fields. 

Professor  Carpenter,  of  the  Colorado  Experiment  Station,  has  investi- 
gated the  question  of  the  origin  of  the  seepage  waters,  and,  in  hiB 
opinion,  the  greater  part  comes  from  the  canals  and  laterals. 

The  material  through  which  the  canals  run  is  largely  loose  in  char- 
acter, and  the  water  is  clear,  carrying  very  little  material  which  would 
clog  the  interstitial  spaces  of  the  soil.  There  can  be  no  question,  hon*- 
ever,  but  that  over  irrigation,  through  ignorance  or  neglect,  is  also  the 
cause  of  much  seepage.  The  effect  of  over  irrigation  is  very  noticeable 
in  some  districts,  and  the  careless  use  of  water  can  not  be  too  strongly 
oondemued.    It  not  only  iigures  the  land  to  which  it  is  applied,  bat  it 
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ftlso  largely  increases  the  seepage  water  to  the  destniction  of  lower 
lands. 

Tinder  tbe  Larimer  and  Weld  Canal  the  amount  of  actual  damage  is 
greater  than  under  the  Larimer  County  Canal.    The  lauds  have  been 
under  irrigation  longer  and  the  subsoil  has  had  more  opportunity  to 
fill  up;  besides,  the  amount  of  land  irrigated  is  larger.    This  laud  also 
receives  the  seepage  from  the  lands  under  the  Larimer  County  Canal. 
Under  Ko.  2  canal  the  amount  of  wet  land  is  still  larger  than  under 
either  of  tbe  canals  above  mentioned.    It  receives  the  seepage  from  all 
the  land  above,  as  well  as  the  seepage  from  several  reservoirs  situated 
at  a  higher  elevation.    The  soils  under  No.  2  canal  are  heavier  than  the 
upland  soils,  the  land  is  more  level,  and  the  natural  drainage  is  poorer. 
In  the  district  mapped  several  large  areas  of  wet  land  under  this  canal 
are  shown.    This  area  receives  the  direct  seepage  from  all  the  upland, 
and  since  the  underlying  beds  of  gravel  are  not  contiguous  to  give  ade- 
quate drainage,  the  water  tends  to  rise  to  the  surface  in  places  and 
swamps  are  formed. 

One  of  tbe  first  questions  which  should  be  considered  in  the  opening 
of  new  farming  lands  is  the  drainage.    If  the  natural  drainage  is  good — 
that  is,  if  the  excess  of  water  is  quickly  removed  from  the  subsoil — the 
installation  of  drains  is  not  necessary,  but  if  the  water  at  any  time 
stands  within  the  subsoil  or  if  the  excess  of  water,  applied  through  irri- 
gation or  falling  as  rain,  does  not  quickly  pass  away  through  tbe  under- 
ground drainage  the  crops  grown  upon  the  land  will  suffer  and  tbe 
farmer  will  not  obtain  the  best  results  from  his  efforts.    Tbe  wet  land 
of  an  irrigated  country  should  be  immediately  drained  when  the  level  of 
water  rises  closer  than  within  3  feet  of  tbe  surface  of  the  ground.    It 
may  be  that  the  water  rises,  near  the  surface  only  during  a  limited 
period  of  the  year,  but  this  may  be  long  enough  to  injure  a  crop. 

The  underground  waters  of  an  irrigated  district  situated  witbin  the 
arid  regions  of  the  West  are  never  free  from  salts  in  solution.    Wiien 
this  water  is  allowed  to  approach  the  surface  of  tbe  ground  it  evapo- 
rates, leaving  its  burden  of  salt  on  or  near  tbe  surface.    Tbe  salt  con- 
tinnes  to  accumulate  in  this  manner  unless  the  surface  water  is  drained 
away.    Usually  such  a  quantity  of  salt  accumulates  that  nothing  use- 
ful will  grow  upon  the  land.    When  reclamation  is  attempted  both  the 
water  and  salt  have  to  be  removed,  thus  making  the  work  of  reclama- 
tion very  difficult  and  costly.    From  the  standpoint  of  economy,  there- 
fore, it  is  much  better  to  install  drains  before  or  at  least  as  soon  as  tbe 
ground  becomes  wet.    This  will  not  only  remove  the  excess  of  water, 
bat  will  insure  the  land  against  ever  becoming  alkaline. 

In  the  Oreeley  district  the  process  has  as  yet  gone  in  most  places 
only  far  enough  to  damage  the  ground  from  water.  If  the  water  is  not 
removed  much  more  damage  is  probable  from  alkali.  A  wet  piece  of 
ground  is  valuable  in  some  cases  as  pasture,  but  a  piece  of  badly  alka- 
line land  is  practically  worthless.    The  underground  waters  are  not 
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highly  charged  with  salts  and  the  evolation  of  an  alkali  flat  is  slow,  hut 
none  the  less  sare.  In  the  shales  of  the  underlying  rocks  qoantities  of 
alkali  are  stored,  and  where  the  seepage  water  passes  through  this  shale 
and  appears  again  the  accumnlation  of  alkali  at  the  surface  is  much 
more  rapid. 

Repeated  tests  were  made  for  sodium  carbonate,  but  none  was  fbuDd. 
This  was  to  be  expected,  since  all  of  the  soils  contain  small  qaantities 
of  gypsum,  which  is  the  chemical  antidote  for  black  alkali. 

There  is  no  chemical  preparation  known  which  would  render  the 
alkali  of  the  Poudre  Valley  harmless,  consequently  in  order  to  redeem 
the  lands  already  damaged  these  salts  must  be  removed  from  the  soils 
and  removed  so  far  that  there  can  be  no  possibility  of  their  ever  comiDg 
back  again.    There  is  but  one  known  way  of  effectively  removing  these 
alkali  salts,  and  that  is  by  underdrainage.    In  the  Poudre  Valley  at 
present  only  the  lower  lauds  are  in  need  of  drainage.    The  lower  lands 
along  the  Poudre  Bi ver  and  the  immediate  bottoms  of  the  draws  extend- 
ing  back  into  the  hills  should  be  drained  at  once.    In  some  cases  a  sim- 
ple line  of  drains  up  the  center  of  the  draw  would  suffice  for  the  present 
and  would  insure  much  of  the  bottom  land  from  damage.    By  drawing 
off  the  water  from  the  hill  laud  through  proper  drains  in  the  bottom  <^ 
the  draws,  much  less  water  would  reach  the  Poudre  bottoms  as  seepa^ 
The  larger  tracts  of  land  in  the  draws  and  Poudre  bottoms  should  be 
thoroughly  tiled.    The  shallow  basins  and  sinks  offer  the  most  serions 
difficulties  in  the  construction  of  drains.    Where  the  basin  has  a  shal- 
low depth  the  exi>ense  of  cutting  an  outlet  for  the  water  may  be  slight, 
but  where  the  basin  is  deep  the  expense  of  cutting  an  outlet  is  liable  to 
be  great. 

BUMMABT. 

Considerable  damage  has  been  felt  in  parts  of  the  Poudre  Valley  from 
wet  or  alkali  soils.  Such  wet  or  alkali  tracts  are  the  natural  result  of 
poor  drainage.  Tile  drains  should  be  installed  in  all  the  lower  lands 
both  to  remove  the  excess  of  water  and  to  prevent  the  accumulation  of 
alkali.  With  continued  irrigation  of  the  uplands  the  amount  of  possi- 
ble damage  to  the  lower  lauds  is  very  great  and  to  insure  against  this 
damage  the  drainage  should  be  commenced  at  once. 
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By  CLARENCE  W.  DORSEY  and  J.   A.  BONSTEEL. 


INTBODUOTION. 

Id  the  present  appropriation  bill  for  the  United  States  Department  of 
Agricnltnre,  Congress  has  specifically  authorized  the  mapping  of  the 
soils  of  the  principal  tobacco  areas  of  the  United  States.  On  the  Ist  of 
July,  18d9y  the  Secretary  of  Agricoltare  authorized  this  work  to  be 
started  in  the  Connecticut  Valley.  About  three  and  a  half  months  were 
spent  in  sorvejring  the  soils  of  a  portion  of  the  valley. 

The  area  is  comprised  within  north  latitude  41<^  40'  and  42^  17',  and 
west  longitude  72^  30'  and  72^  45'.  It  extends  from  South  Glastonbury, 
Conn.,  where  the  valley  pinches*  together,  northward  for  a  distance  of 
about  41  miles,  to  Bachelor  Brook,  in  South  Hadley,  Mass  ,  where  the 
Mount  Holyoke  range  of  mountains  completely  separates  it  from  the 
extension  of  the  valley  from  Northhampton  northward  into  Vermont. 
The  valley  has  an  average  width  of  from  5  to  10  miles  on  either  side  of  the 
Connecticut  Biver.  The  area  surveyed  and  mapped  comprised  approxi- 
mately 400  square  miles,  or  256,000  acres. 

The  object  of  the  work  was  primarily  to  investigate  and  map  the  dif- 
ferent tobacco  soils,  but  incidentally  all  soil  areas  were  surveyed. 
Bather  full  notes  were  taken  as  to  the  general  condition  of  agricultural 
practice  in  the  valley,  the  condition  of  labor,  the  improved  implements 
used,  the  construction  of  barns  and  other  farm  buildings, transportation, 
and  other  matters  contributing  to  the  agricultural  features  of  the 
locality.  Particular  attention  was  paid  to  the  kind  of  tobacco  and  the 
influence  of  the  different  soils  upon  the  texture  and  quality  of  the  tobacco. 
As  this  soil  work,  however,  is  but  the  basis  of  a  very  extensive  and  sys- 
tematic investigation  into  the  physiology  of  the  tobacco,  and  into  the 
possibilities  of  changing  the  type  and  character  of  the  tobacco  through 
'cultural  methods  and  fermentation  by  the  tobacco  expert  of  the  division, 
many  of  these  notes  will  be  reserved  for  future  publication  by  the 
division,  enough  only  being  given  here  to  make  the  soil  work  intelligible 
and  interesting. 

One  feature  which  has  been  very  clearly  recognized  in  the  course  of 
the  survey  is  the  continual  and  rapid  encroachment  of  city  and  subur- 
ban development  for  summer  residences  and  for  industrial  purposes. 
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Many  extensive  areas  which  were  formerly  considered  agricoltnnl 
lands  are  n6w  built  up  or  held  for  speculative  purposes  for  residence  or 
industrial  pursuits. 

TOPOGRAPHY  OP  THE  VALLKY. 

The  Oonnecticut  Valley  is  bounded  on  either  side  by  hills  rising  to 
an  elevation  of  50  to  100  feet  above  sea  level  in  the  neighborhood  of 
Hartford,  and  to  a  little  over  500  feet  in  the  northern  extraision  of  the 
area.  The  difference  in  the  elevation  of  the  river  from  the  upper  to  the 
lower  portion  of  the  area  is  bnt  slight,  and  few  &lls  or  rapids  occur 
within  this  distance.  Some  water  power,  however,  is  developed  at » 
few  places  along  the  river.  The  country  is  level  or  gently  rolling,  slop- 
ing gradually  back  to  the  high  rounded  hills  and  low  mountains  wfaidi 
form  the  boundaries  of  the  valley.  At  places  there  are  still  well-defiDed 
terraces  with  sharp  escarpments  with  elevations  varying  from  10  to  100 
feet  above  sea  level. 

GEOLOGY. 

The  origin  of  the  soils  is  partly  glacial,  which  is  seen  in  the  great 
drnmlins,  or  hogbacks  as  they  are  called,  and  the  heterogeneous  mass 
of  bowlders,  sand,  and  clay  bordering  the  valley  and  derived  from  all 
sorts  of  rocks;  and  partly  from  a  shallow  glacial  lake  which  is  sup- 
I>osed  to  have  spread  out  over  the  valley  from  a  dam  somewhere  below 
Hartford.  Into  this  lake  sediment  was  brought  by  rivers  and  streams. 
This  sediment  was  sorted  over  and  spread  out  more  or  less  evenly 
over  the  bottom  of  the  lake.  As  is  usual  in  such  ca«es  the  deeper  and 
quieter  portions  of  the  lake  received  the  finer  sand  and  clays,  while 
the  coarse  sand  and  gravels  were  deposited  near  the  shore  line  and 
near  the  mouths  of  rivers.  These  deposits  were  evidently  laid  down 
during  the  glacial  epoch,  as  arctic  plants  and  leaves  are  occasionaUy 
found  in  the  thin  layers  of  clay  and  shale,  indicating  a  very  different 
climate  than  that  which  now  prevails. 

After  the  lake  was  drained  the  Oonnecticut  Biver  and  its  tribataries 
commenced  cutting  a  series  of  terraces  through  the  valley.  These  ter- 
races are  not  very  well  preserved,  and  can  not  be  followed  for  any  great 
distance,  but  they  are  very  plain  in  certain  parts  of  the  valley.  The 
character  of  the  formations  laid  down  in  these  two  ways  will  be 
described  more  at  length  in  connection  with  the  soils. 

OLIMATE. 

The  temperature  of  the  Oonnecticut  Valley  ranges  from  56^  F.  in 
May,  to  610  in  September,  with  an  average  of  70^  in  July,  which  is  tbe 
hottest  month  of  the  year.  The  mean  maximum  temperature  ranges 
from  690  in  May  to  82©  in  July,  with  a  mean  daily  range  of  20^.  There 
is  on  an  average  about  4.5  inches  of  rainfall  during  each  month  of  this 
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gr%>\rmg  season,  while  the  mean  relative  homidity  dnring  Jnne,  Jnly, 
and  ^ligast  is  about  70  per  cent. 

Comparing  these  conditions  with  the  cUmatic  conditions  of  the  other 
tobacco  districts  of  Oaba,  Sumatra,  Florida,  and  Pennsylvania,  it  would 
seem  tliat  the  temperature  is  sufficieutly  high  for  the  production  of 
either  a  wrapper  or  filler  leaf.  The  rainfiEkll  appears  to  be  sufficient, 
provided  it  is  well  distributed  during  the  season;  but  the  daily  range 
in  temperature  is  much  greater  than  occurs  in  either  Cuba  or  Sumatra, 
and  tbis  very  likely  has  a  great  deal  to  do  with  the  character  of  the 
leaf,  l^ith  so  great  a  daily  range  it  would  tend  to  thicken  the  leaf  and 
increase  the  body.  This  is  counterbalanced,  to  a  large  extent,  by  the 
ligbty  sandy  character  of  the  soil,  which  is  naturally  adapted  to  the  pro- 
duction of  a  thin  leaf^  provided  a  rapid  and  uninterrupted  growth  can 
be  maintained. 

TOBACCO. 

Tbe  most  interesting  and  most  prominent  feature  in  the  agriculture 
of  tbe  Connecticut  Valley  is  the  tobacco  industry,  which  has  given  a 
world-wide  reputation  to  the  locality,  and  has  provided  work  and  sus- 
tenance to  a  large  number  of  people. 

Tobacco  was  introduced  into  the  Connecticut  Valley  as  a  recognized 

farm  crop  in  tbe  early  xmrt  of  this  century.    It  was  early  recognized 

tbat  it  differed  greatly  in  its  qualities  from  the  Maryland  and  Virginia 

tobaccos.    It  had  less  nicotine,  less  body,  and  was  not  so  well  adapted 

to  pipe  smoking  or  to  chewing.    It  is  an  interesting  historical  fact 

tbat  tbe  first  cigars  made  in  this  country  are  reported  to  have  been 

made  in  the  Connecticut  Valley  about  the  year  1802.    It  may  be  said 

to  have  been  the  home  of  the  domestic  cigar  tobacco,  as  it  certainly 

vras  the  home  of  the  domestic  cigar  manufacturing. 

With  the  specialization  which  has  since  developed  in  all  lines  of 
tobacco  industry  the  Connecticut  tobacco  has  taken  its  place  essen- 
tially as  a  wrapper  leaf,  and  it  is  not  used  to  any  extent  at  the  present 
time  for  fillers  in  domestic  cigars.  It  is  essentially  a  light  wrapjjer, 
and  when  dark,  heavy  wrappers  were  in  style,  as  periodically  happened, 
e8i>ecially  before  the  wide  introduction  and  extensive  use  of  the  ideal 
Sumatra  wrapper,  the  cultivation  of  tobacco  in  these  light  soils  of  Con- 
necticut was  largely  abandoned  and  the  domestic  supply  of  wrapper 
leaf  came  from  the  heavier  soils  of  Pennsylvania.  The  torn,  coarse,  or 
inferior  leaves  are  used  as  binders,  while  the  trash  and  waste  from  the 
bam  and  cutting  tables  are  exported  mainly  to  England  and  brings 
from  1  to  2  cents  per  pound. 

The  characteristics  of  a  good  wrapper  leaf,  as  described  by  Mr.  Floyd,^ 
are  that  it  should  have  but  little  body,  little  aroma  or  flavor,  should  be 
very  pliable  so  that  it  will  stretch  and  cover  well,  and  have  good  tex- 
ture, grain,  and  style,  in  order  that  it  will  appear  well  on  the  cigar. 

*  Beport  No.  S2,  U.  8.  Department  of  Agrionlture. 
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The  leaves  mast  be  of  nniform  color  and  Dot  too  large,  the  14  to 
inch  leaves  being  the  most  desirable  sizea. 

While  the  Oonnecticut  tobacco  has  long  been  recognized  by  the 
as  the  most  desirable  domestic  tobacco  for  wrapper  parposes,  yet 
difference  in  price  shows  at  once  how  the  tobacco  is  regarded  by  mani 
factnrers  in  comparison  with  the  imported  leaf.   The  Gonuecticat  tol 
is  worth,  on  an  average,  about  18  or  20  cents  per  pound ;  the  Samaf 
tobacco,  imported  exclusively  for  wrapper  purposes,  pays  a  daty 
$1.85  per  x)Ound  and  sells  on  the  market  for  from  $2.50  to  $3  per  ik>od( 
duty  paid.    The  Connecticut  leaf  is  too  large  for  an  ideal  wrap] 
being  often  from  26  to  30  inches  in  length,  the  veins  are  very  largc^^ 
and  only  the  tip  of  the  leaf  is  suitable  for  high-priced  cigars.    Either 
account  of  the  physiology  of  the  leaf  or  in  the  method  of  case  sweatini 
the  desirable  grain,  color,  and  style  are  confined  to  the  tip  of  the  leal^^ 
the  lower  half  being  glossy  and  very  undesirable  for  wrapper  purposes. 
This  makes  a  great  deal  of  waste,  which  can  only  be  marketed  in  foreign^ 
countries  at  an  exceedingly  low  price.    Lastly,  the  tobacco  is  more' 
highly  flavored  than  is  desirable  for  wrapper  purposes  and  frequently 
masks  the  desirable  qualities  of  the  filler  used  in  the  cigar.    These 
defects,  as  already  stated,  are  to  be  made  the  subject  of  an  exhanstive 
inquiry  in  the  Division  of  Soils. 

One  of  the  objections  urged  by  the  manufacturers  against  the  Con- 
necticut tobacco,  a  fact  which  certainly  largely  reduces  the  price  paid 
for  the  crop,  is  the  unevenness  of  color  and  the  poor  grading  as  to  color, 
length,  and  quality  of  leaf.  In  order  to  maintain  a  uniform  brand  of 
cigars,  a  manufacturer  is  forced  to  purchase  a  large  amount  of  Connect- 
icut leaf  from  which  to  select.  Furthermore,  on  account  of  the  differ- 
ence in  length  and  in  texture  of  the  leaves,  there  is  considerable  waste, 
which  is  difficult  to  estimate.  It  is  hard  to  plan,  therefore,  for  an  eco- 
nomical use  of  the  product  when  a  purchase  of  this  tobacco  is  made. 
This  is  not  the  case  with  the  carefully  sorted  Sumatra. 

One  of  the  reasons  which  makes  the  quality  of  the  leaf  uncertain  and 
varied  is  believed  to  be  the  method  of  fermenting  in  cases,  the  result  of 
which  is  largely  uncertain  and  dependent  upon  chance  conditions, 
which  are  difficult  to  understand  and  impossible  to  properly  control.  It 
is  believed  by  the  tobacco  experts  of  the  Department  that  the  bulk 
method  of  fermentation,  as  x>racticed  in  Florida  and  in  Cuba,  will  give 
much  more  uniform  and  more  desirable  results. 

The  principal  reason  why  the  assortment  and  grading  are  not  so 
closely  done  is  the  high  cost  of  labor.  There  is  so  much  demand  for 
labor  in  the  shops  and  factories  that  the  farmer  is  forced  to  pay  a  high 
price  for  help.  The  most  successful  farmers,  therefore,  have  been  those 
who  have  cultivated  small  tracts  of  from  5  to  15  acres  in  extent  aud 
have  made  the  crop  by  themselves,  with  such  help  as  their  families 
could  supply,  and  with  occasional  hired  labor.  The  Connecticut  farmer 
has  to  pay  about  $1.50  per  day,  where  the  Florida  planter  pays  aboat 
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BDtsper  day  for  labor.  It  has  a1f7ay8  been  found,  however,  that 
16  exhilarating  climate  of  the  Nortli  the  more  energetic  laborers  do 
QQch  more  work  in  a  given  time  and  to  so  much  better  purposes 
;  successful  competition  is  possible  in  many  lines  along  which  at 
i  sight  the  ontcome  wonld  appear  at  least  uncertain.  It  must  be 
embered,  furthermore,  that  much  of  the  most  successful  tobacco 
iring  in  Connecticut  is  done  by  the  farmer  and  his  family,  so  that  a 
;er  system  of  fermentation  and  of  sorting  and  grading  could  be  done 
Khem  during  the  slack  time  of  the  winter  months,  when  other  work 
.  not  pressing,  and  without  greatly  increasing  the  actual  expendi- 
)  of  money  in  the  production  of  the  crop. 

I  Sumatra  the  cost  of  labor  is  very  much  less,  even,  than  in  Florida, 
(this  is  one  reason  why  the  Sumatra  planters  are  able  to  give  the 
teme  care  to  the  assortment  and  classification  of  their  tobacco.  It 
It  be  remembered,  also,  that  in  a  fancy  assortment  of  well-cured  and 
lioe  tobacco  the  price  is  largely  speculative,  as  there  is  no  sharp 
u  upon  which  to  fix  a  commercial  value.  When  from  the  superior 
ellenee  of  the  leaf  the  price  goes  beyond  30  cents  per  pound  it  is 
l)le  to  increase  in  wider  and  wider  units  to  $1,  $2,  and  even  $3  or  $4 
r  pound,  according  to  the  fancy  of  the  purchaser  and  the  skill  of  the 
idaeer  in  working  up  a  trade  and  supplying  special  demands.  This 
kbeen  shown  in  a  very  marked  way  in  the  development  of  the  tobacco 
loBtry  in  Florida,  where  high  prices  are  obtained  by  a  few  packers 
10  understand  the  market  requirements  and  can  judiciously  place 
^r  products,  while  a  very  low  price  is  obtained  by  the  average  grower, 
10  is  less  able  or  less  willing  to  make  the  product  required  by  the 
tde,  and  who  is  unable  to  make  advantageous  trade  connections. 
There  is  one  interesting  feature  in  regard  to  the  tobacco  industry  in 
eConnecticut  Valley,  namely,  that  through  the  improved  methods  of 
uiting  and  cultivating  the  crop  the  season  of  growtli  is  being  very 
»terially  shortened.  In  1899  the  growing  season  was  about  two  weeks 
orter  than  was  ever  known  before.  Tobacco  set  out  the  middle  or 
»t  of  May  was  fully  matured  by  the  middle  of  July. 

SOILS. 

The  object  of  the  soil  survey  is  to  classify  and  map  the  soils  accord- 
>g  to  any  condition  which  might  influence  the  character  of  the  vegeta- 
on,  especially  the  character  of  the  tobacco,  the  kind  of  crops  adapted 
>  the  land,  and  the  quality  as  well  as  the  quantity  of  the  crops  grown, 
ke  soils  of  the  Connecticut  Valley  have  been  classified  in  this  way  as 
i^ult  of  the  season's  work,  and  a  map  has  been  prepared,  accom- 
auyiiig  this  report,  showing  the  area  and  distribution  of  the  various 
ypes  of  soils  which  were  recognized.  As  before  stated,  this  work  will 
>nj»  the  basis  for  a  more  extensive  investigation  of  the  Connecticut 
W)acco,  and,  pending  such  fuller  investigation  in  regard  to  the  char- 
<Jter  of  the  tobacco,  only  brief  mention  will  be  made  at  this  time  of  the 
H.  I)oc.  399 9 


130         SOIL  SURVEY  IN  CONNECTICUT  VALLEY. 

relation  of  the  soils  to  tbe  character  of  the  leaf  which  they  prodnoe 
So  many  other  questions  enter  in  regarding  the  variety  of  seed  ose^ 
the  method  of  cultivation,  fertilization,  and  fermentation,  as  well  as  tk 
personal  equations  of  the  growers,  that  require  the  careful  investip 
tiou  and  judgment  of  the  tobacco  expert,  that  only  passing  mentioi 
should  be  made  at  this  time  and  in  this  connection  of  the  cbaractero 
the  crop  produced  on  the  different  soil  areas. 

TRIASSIC  STONY  LOAM. 

As  already  mentioned,  the  Connecticut  Yallev  is  bounded  on  eitha 
side,  from  the  southernmost  part  of  the  area  surveyed  up  to  Westfieh 
and  Mill  Elver,  just  below  Springfield,  by  a  glacial  de|H>sit  consistio] 
mainly  of  Triassic  sandstone  debris  forming  long  Icnticalar  hilh 
drumllns,  or  hogbacks,  between  which  the  surface  is  rolling  and  hilly, 
with  a  few  long  ridges  and  groups  of  rounded  hills  varying  in  elevatkl 
from  40  to  400  feet.  A  few  areas  of  this  glacial  debris  are  scatteraJ 
about  in  the  valley  proper,  and  from  the  fact  that  they  are  not  coveral 
with  lake  sediment  it  may  be  assumed  that  they  were  formerly  islandi 
in  the  glacial  lake,  or  else  the  covering  has  since  been  removed  bf 
erosion. 

The  Triassic  stony  loam  soils  are  fine  sandy  loams,  dark  Indian  lei 
in  color,  mixed  with  gravel  and  bowlders  of  all  sizes  and  shapes,  varyinf 
in  size  from  an  inch  to  G  or  8  feet  in  diameter.  The  amount  of  gravd 
and  undecomposed  rock  exceeds  5  per  cent  in  all  cases,  and  may  exceed 
60  per  cent.  In  many  cases  fields  are  now  comparatively  free  bam 
these  bowlders  and  large  rocks  on  account  of  the  numerous  times  tbq 
have  been  picked  over  and  stones  removed.  Indeed,  the  surface  ci 
this  geological  area  has  been  very  greatly  modified  by  the  hand  d 
man.  Cultivated  fields  may  contain  only  a  few  scattered  stone.^  whik 
the  surface  of  the  area  surrounding  the  field  may  be  covered  with  a 
mass  of  stones  and  bowlders.  The  stones,  especially  the  smaller  odcSi 
and  the  fine  gravel  are  derived  principally  from  the  Triassic  sandstoM 
and  shales. 

Tobacco  is  grown  to  a  considerable  extent  in  certain  areas  in  the 
Triassic  stony  loams.  It  is  considered  a  fat  tobacco,  and  has  an  unde- 
sirable cinnamon  color,  but  it  is  readily  bought  up  at  good  prices  for 
special  market  demands.  The  character  of  the  tobacco  is  quite  differenl 
from  that  grown  on  the  other  tobacco  soils  of  the  valley,  and  there  is 
a  longstanding  controversy  as  to  the  relative  merits  of  this  and  of  tbe 
tobacco  from  other  soils.  The  fact  of  the  matter  is  that  they  are  used 
largely  in  diflerent  channels,  and  are  to  a  great  extent  bought  np  bj 
different  dealers.  There  are  large  tobacco  centers  around  Day  Hillf 
south  of  Poquonock,  around  Warehouse  Point,  Suffield,  and  Enfield 
street.  The  best  development  of  the  tobacco  industry  on  this  formation 
is  probably  around  Suffield  and  Warehouse  Point  The  Havana  seed 
is  exclusively  grown  on  this  formation.  The  other  areas  outlined  on 
the  map  have  soils  of  fair  condition,  but  are  not  farmed  to  any  great 


^ipon  No.  64,  U.  S.  Oepl  igr. 


<•       V        K      V     *•.      ^  . 


€    m%  ^   *    '    t.   "  t. 


■        • 


c   - 


HOLYOKE   STONY    LOAMS. 


131 


extent.  They  are  given  up  mainly  to  pasture  lands,  meadowts,  and 
orchards.  The  following  table  gives  the  mechanical  analysis  of  the 
rriassic  stony  loam  subsoils: 


Mechanical  analyses  of  subsoils  of  TYiassic  stomg  loam, 

{Yinn  eartb.) 


Diameter. 


MUUtneUr*. 


2 
1 
0  5 

.25 

.1 

.05 

.01 


to  1 

to  0.5 

to    .2j 

to 

to 

to 

to 


Conveutional  uauies. 


.1 
.05 
.01 
.005 


005  to    .0001 


Gravel 

Cuarne  pand 

MedioiD  sand.. 

Fiuueand 

Very  Hue  isaiid. 

Silt 

Fine  silt 

CUy 


LiOAsatllOoC... 
Ia>8S  uu  ignitiou. 


4211. 

Bloomfleld, 

1  miles. 

4212 
Enfield. 

Percent. 

Percent. 

2 

12.45 

3.35 

11.86 

8.60 

13.98 

31.25 

14.78 

34.22 

17.51 

4.35 

8.20 

6.20 

8.67 

6.57 

10.23 

1.36 

1.04 

2.03 

1.60 

4201. 
Hasard* 
▼iUe,  1| 
mUesS. 


Per  cent. 

5.26 

8.66 

18.83 

21.00 

18.83 

8.70 

5.30 

10.87 


1 
I. 


01 
77 
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The  bills  bounding  the  northern  extension  of  the  area  examined, 

with  elevations  from  240  to  500  feet  above  sea  level,  are  likewise  glacial 

deposits,  bat  formed  of  diabase,  crystalline,  and  metamorphosed  rocks. 

The  surface  of  the  country  of  what  may  be  called  the  foothills  is  rolling 

with  steep  slopes  and  containing  many  lenticular  hills  and  groups  of 

rounded  hills.    The  surface  is  rough,  and  in  places  large  masses  of 

bowlders  are  lying  as  they  were  piled  by  the  ice,  and  with  hardly  any 

perceptible  disintegration.    Many  of  the  slopes  are  entirely  covered 

with  these  bowlders.    The  soil  is  a  sandy  loam,  containing  from  10  to 

50  per  cent  of  gravel  and  bowldei-s,  ranging  in  size  from  1  inch  to  12  or 

15  feet  in  diameter.    The  following  table  gives  the  mechanical  analysis 

of  the  fine  earth  of  a  sample  of  Holyoke  stony  loam: 

Mechanical  analysis  of  subsoil  of  Holyoke  stony  loam. 


Diameter. 


MUKmetere. 


2 
1 
0.5 

.25 

.1 

.05 

.01 


to  1 
to  0.5 
to    .25 


to 
to 
to 
to 


.1 
.05 
.01 
.005 


.005  to    .0001 


Conventional  names. 


Gravel... 

Coarse  sand  . . . 
Medium  sand.. 

Fine  sand 

Very  flne  sand , 

Silt 

Fine  silt 

Clay 


Loss  at  110°  C... 
Loss  on  Ignition 


4203. 

Asbleyville, 

2  miles  S. 


Per  cent, 

3.05 

3.85 

8.22 

11.53 

20.82 

21.26 

6.45 

12.20 


1.54 
2.35 


The  soils  are  derived  entirely  from  the  glacial  debris.  The  soils  are 
not  fertile,  and  are  uot  farmed  to  any  great  extent.  There  are  occasional 
patches  of  corn,  oats,  and  rye,  but  no  tobacco.  They  are  mainly  given 
up  to  stony  pastures  and  orchards. 
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WINDSOR  SAND. 


The  generally  accepted  idea  of  the  origin  of  the  soils  of  the  valley 
proper  has  already  been  referred  to.  It  is  supposed  that  during^  glacial 
times  a  dam  extended  across  the  valley  below  Hartford,  forming  a 
shallow  lake  of  considerable  extent,  and  comprising  all  of  the  area 
which  has  been  surveyed  this  season.  The  streams  collecting  the  drain- 
age from  the  surrounding  country  emptying  into  the  lake  brought 
sediments,  which  were  sorted  over  and  deposited  in  different  places, 
according  to  the  direction  of  the  currents,  the  depth  of  the  lake,  and 
the  velocity  of  the  water.  The  coarser  sands  and  gravels  woald  be 
deposited  near  the  shore  line  and  the  mouth  of  the  streams,  while  the 
finer  sands  and  clays  would  be  deposited  off  shore,  and  in  deeper  and 
quieter  portions  of  the  lake. 

As  the  level  of  the  water  of  the  lake  was  lowered  from  time  to  time 
well-marked  shore  lines,  constituting  terraces,  were  formed  out  of  the 
material  which  had  previously  been  deposited,  and  out  of  fresh  material 
which  had  been  emptied  into  the  lake.  This  gave  rise  to  a  series  of 
terraces,  more  or  less  well  preserved  at  the  present  time,  but  greatly 
cut  up  and  modified  by  recent  stream  action,  and  by  the  meanderings 
of  the  Connecticut  River. 

The  Windsor  sand  represents  what  is  supposed  to  be  the  original 
bottom  of  the  old  glacial  lake  in  its  shallowest  parts.  The  soil  is  com- 
posed of  yellowish-red  or  brown  sand,  resembling  a  coarse  sharp  build- 
ing sand,  and  containing  less  than  5  per  cent  of  clay.  The  material 
contains  about  5  per  cent  of  coarse  gravel,  ranging  in  size  from  2  to  10 
mm.  in  diameter.  This  gravel  content  increases  to  some  extent  in  the 
subsoil.  In  places  this  formation  is  40  feet  deep.  The  following  table 
gives  the  mechanical  analyses  of  four  samples  of  Windsor  sand: 

Mechanical  analyaet  o/  stibaoiU  of  Windsor  Band. 


Diameter. 

Conventional  namee. 

4210. 
Bloom  field, 
2  milee  SE. 

MUUnuterB. 
2         to  1 
1         to  0.5 
0.5      to    .25 
.25    to    .1 
.1      to    .06 
.a^    to   .01 
.01    to    .005 
.006  to    .0001 

LoM  at  11 

Gravel 

Per  cent. 
4.96 

Coarite  sand. 

11.31 

Medium  sand 

33.41 

Fine  sand 

33.75 

Vptv  fine  nand 

10.82 

Silt 

2.00 

Fine  silt 

1.03 

Clav 

1.65 

\^M.jr     ...................... 

)o   C 

.50 

LiOSHon  in 

nition 

.80 

4108. 

4199. 

4200. 
Chicopee,    : 
2  mllesSW. 

Windsor 

Hnbbards 

Locks, 
SmilesSW. 

Corners, 
li  miles  NVF. 

Percent. 

Percent. 

Per  cent. 

8.00 

2.52 

14.30 

16.83 

12.32 

26.38 

30.90 

30.29 

30.35 

22.21 

27. 92 

9.55 

6.56 

7.:iO 

6.02 

3.20 

4.33 

4.66 

1.20 

1.62 

2.73 

2.25 

3.15 

4.87     ; 

.45 

.48 

.50 

t.0C 

1.84 

1.47 

1 

The  soils  are  coarse  and  inclined  to  be  leachy  or  droughty,  but,  like 
many  soils  of  this  character,  are  generally  somewhat  moist  beneath  the 
top  few  inches  of  dry  sand  throughout  the  most  severe  drought  The 
soils  are  good  representative  truck  soils  and  are  used  for  this  purpose 
in  some  parts  of  the  area. 


Raport  No.  M,  U.  5.  Otpt  Ap. 


'-        >.■     ^ 


* 


*   .     •     •  »  * 


HARTFORD    SANDY   I^OAM.  133 

In  favorable  seasons  a  very  fine  quality  of  thin-leaved  silky  tobacco 
is  prodnced  on  these  soils,  the  finest  probably  that  is  prodnced  on  any 
of  the  soils  of  the  valley,  but  the  season  has  to  be  just  right,  and  snch 
favorable  conditions  hardly  occur  more  than  two  years  out  of  five.  If 
a  crop  by  any  means  can  be  kept  growing  rapidly  and  continuously,  it 
will  produce  a  fine  silky  leaf  excelled  by  none  of  the  other  soils  in  the 
valley.  In  average  seasons,  however,  the  growth  is  liable  to  be  checked 
by  changing  weather  conditions,  and  the  plant  is  small  and  produces 
a  leaf  which  is  thick  and  strong.  It  is  desirable  to  plant  early  on  these 
lands  and  give  constant  and  thorough  cultivation. 

The  Windsor  sand  comprises  a  large  part  of  the  Windsor  Plains  in 
the  towns  of  Windsor,  Bloomfield,  East  Granby,  and  Windsor  Locks,  as 
well  as  a  small  area  in  East  Hartford.  The  surface  of  the  area  in  Con- 
Decticot  is  level  or  gently  rolling,  ranging  from  100  to  180  feet  in  eleva- 
tion. The  area  in  Massachusetts  is  much  larger  and  covers  in  all  about 
30  sqnare  miles.  It  is  largely  developed  in  the  towns  of  Agawam, 
West  Springfield,  Springfield,  Ghicopee,  and  Long  Meadow.  The  sur- 
face is  much  more  rolling  than  in  Connecticut,  and  ranges  in  elevation 
from  100  to  240  feet. 

For  the  most  part  the  area  of  Windsor  sand  is  not  very  extensively 
cultivated  at  the  present  time.    In  Agawam  there  is  some  truck  farm- 
ing, a  few  peach  orchards,  and  some  tobacco  grown.    East  of  Spring- 
field the  area  is  rapidly  building  up  in  the  extension  of  the  city.    In 
Connecticut  there  are  but  few  houses,  deep  sandy  roads,  and  many  old 
and  unsnccessful  fruit  farms.    Many  areas  which  were  formerly  culti- 
"vated  are  now  grown  up  in  the  characteristic  forest  growth  of  pine. 
The  soil  is  so  open  and  porous  and  offers  so  little  resistance  to  the 
entrance  of  rain  water  that  the  surface  hardly  washes  at  all,  and  there 
are  old  com  rows  running  through  the  forests  and  well  preserved,  upon 
^hich  the  trees  must  be  at  least  50  to  80  years  old.    Many  of  the  old 
farrows  thrown  up  in  the  original  measurement  of  the  land  are  still 
plainly  distinguishable. 

HARTFORD  8AXDY  LOAM. 

The  Hartford  sandy  loam  occupies  by  far  the  largest  extent,  and  plays 
the  most  important  part  in  the  tobacco  industry  in  the  Connecticut 
valley.  It  extends  from  Glastonbury  to  South  Hadley,  and  covers  in 
^U  an  area  of  over  80  square  miles,  A  portion  of  it  is  probably  the 
undisturbed  old  lake  bottom,  but  there  are  also  more  recent  river-cut 
terraces.  The  formation  occurs  in  broad  terrac<*s.  which  are  very  level 
ill  places  and  gently  rolling  in  others.  The  formation  is  found  at  ele- 
vations ranging  from  30  to  260  feet  above  sea  level.  The  soils  are  red, 
brown  or  yellow,  medium  grade  sandy  loams,  about  12  inches  deep, 
underlaid  with  yellow  sands,  containing  little  or  no  organic  matter, 
^e  soil  is  a  grade  finer  than  the  Windsor  sand,  as  is  apparent  from 
the  analysis,  and  is  correspondingly  stronger,  and  decidedly  safer  as  an 
Agricultural  soil.    The  deposit  varies  in  depth  from  about  3  feet  to  20 
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feet.  It  differs  again  from  the  Windsor  sand  in  having  no  g^ravel,  or 
but  a  mere  trace  of  very  fine  gravel  in  a  few  places.  The  fojlovin^ 
table  gives  the  mechanical  analyses  of  five  samples  of  Hartford  saodj 
loam  : 

Mechanical  analyaea  of  aabaoils  of  Hartford  aandjf  loam. 


Diamnter. 


MUKmeters, 


2 
1 
0.5 

.25 

.1 

.05 

.01 


tol 
to  0.5 
to   .25 


to 
to 
to 
to 


.005  to 


.1 

.05 

.01 

.005 

.0001 


Conventional  namea. 


4204. 

"WinAnor, 

8W. 


Gravel 

Coarse  aand  ... 
Medium  aand.. 

Fine  sand 

Very  fine  sand . 

Silt 

Fine  silt 

Clay 


Per  cent. 

2.20 

7.51 

33.50 

32.05 

13.50 

4.47 

1.75 

2.78 


Loss  atllOoC... 
Loss  on  ignition . 


.80 
1.30 


4205. 

East  Long 

Meadows, 

2milee 

NW. 


Per  cent. 

0.00 

.31 

2.84 

63.10 

20.15 

1.15 

.96 

1.42 


4314. 
Bnrnside, 
\  mile  SW. 


Peretnt. 

2.23 

7.78 

25. 2S 

2B.00 

2S.40 

8.45 

2.10 

3.22 


4»aL 
Sonth 

Windaot; 

2mllMS. 


7.7t 

X 
L 


.50 
.90 


1.27 


1.H 


4aax 
I 
ImflcE. 


4.U 

ii.a 

29.» 
24.45 

I* 
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The  general  crop  of  Connecticut  seed-leaf  tobacco  is  groxm  nb  fliese 
soils.  This  rex^resents  what  may  be  called  the  typical  tobaM^  Mil  of 
the  Connecticut  Valley,  and  the  safest  and  therefore  the  bealftoil  at 
least  for  the  seed-leaf  variety.  Corn  and  potatoes  do  well  on  ftiilftlrwriiTi. 
and  abont  Hockannm  and  south  of  Willoyr  Brook,  in  East  HorMML con- 
siderable truck  farming  is  carried  on.  Southwest  of  Hazarflvfele  the 
soil  for  some  reason  appears  less  coherent,  and  drifting  sand  dwiesare 
common.  The  yield  of  tobacco  on  this  soil  varies  from  l,5W*|(i2y(MiO 
pounds  i)er  acre,  or  even  a  little  more.  The  average  price  of  tfie  crop 
is  about  18  cents  a  pound,  but  the  lands  are  heavily  fertilizedi  -talwr 
is  high  and  the  crop  as  a  whole  is  ex^iensive  to  make.  Tdlikoco  is 
grown  mainly  in  small  fields  of  from  3  to  10  acres,  15  acred 'befag  an 
unusually  large  tract.  There  are  many  large  areas  of  this  stiil  onde- 
veloped  upon  which  a  good  quality  of  tobacco  can  be  produced: 


PODUNK  FINK  SANDY  LOAM. 


The  Podnnk  fine  sandy  loam  represents  river  oat  terraces,  mgtBgin 
elevation  from  20  to  SO  feet  above  sea  level.  There  is  in  all  «b  atea  of 
only  abont  7  or  8  square  miles  of  this  in  the  area  surveyed,  and -of  this 
only  about  ^  square  mile  in  East  Hartford  has  ooutribated  lasfely  to 
the  fame  of  the  Connecticut  Yalley  in  the  production  of  the  bvMd-leaf 
variety,  which  differs  in  many  essential  characteristics  from  the  flftb^a 
seed<leaf  grown  on  the  Hartford  sandy  loam.  The  surface  of  the  areas 
are  level  or  very  gently  rolling.  The  soil  is  a  dark-brown  sandy  loam, 
about  12  inches  deep,  and  of  most  excellent  tilth.  The  subsoil  is  adark- 
brown  sandy  loam  of  the  same  texture  as  the  soil,  but  differing  in  color, 
as  it  has  less  organic  matter.  The  following  table  gives  the  mechanical 
analyses  of  two  samples  of  Podunk  fine  sandy  loam: 


•        •  •    i. 

^         V         C        • 


•    •        •       «  ^ 


4.   4       i«      ■> 


•1    •"!    c-c--"   " 


*        *d  ^  «     % 


*        »  *  > 


lo.  64.  U.  S.  Dast.  Ac' 


V        *  1. 
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Duuneter. 


Conventional  names. 


JiiUimeUrs. 


2 

I 

0.5 
.25 
.1 
.05 
.01 


to  1 
toU.5 
to   .25 


to 
to 
to 
to 


.1 

.05 

.01 

.oa'v 


Gravel 

Coarse  sand  ... 
Medium  sand.. 

Fine  sand 

Very  line  sand. 

Silt 

Flneailt 


.  006  to    .  0001 ,  Clay 


LossatllOoC... 
I«os8  on  ignition. 


4206. 
Acawam, 

1  mileNW. 

4216. 

South 

Windsor. 

1  mUe  NE. 

Ptr  cent. 

Percent. 

0.00 

0.50 

.07 

1.51 

1.53 

7.96 

41.80 

23.27 

49.00 

41.82 

3.43 

0.15 

1.02 

6.32 

1.70 

4.40 

.06 

1.02 

1.08 

8.68 

1 

ITlie  soils  are  a  grade  finer  in  texture  than  the  Hartford  sandy  loams, 
an<i  wliile  well  drained  are  strong,  safe,  and  productive.  The  areas 
are  all  thickly  settled,  and,  with  the  exception  of  that  in  the  town  of 
A.^a\rai»,  are  very  highly  cultivated  and  well  cared  for.  The  South 
'Windsor  and  Kanbuc  districts,  particularly,  are  famous  broad-leaf 
tobacco  areas. 

The   broad-leaf  variety  is  heavier  and  has  a  thicker  leaf  than  the 
HeecL-leafy  is  generally  darker  in  color,  and  is  a  better  leaf  for  (;utting 
pmrposes.     It  has  not  the  undesirable  <<seed"  flavor  of  the  Habana 
seed-leaf,  and  is  preferred  by  many  smokers.    It  yields  more  per  acre 
than   the  Habana  seed  on  the  Hartford  sandy  loams,  but,  with  ail,  it 
has  a  rougher  look  in  the  cigar.    For  this  reason  it  is  not  in  such  good 
favor  \Fith  many  cigar  manufacturers  as  the  Uner,  silkiiT  Habana  seed 
^rown  on  the  Hartford  loams.    It  is  considered  hetU'T  by  the  farmers 
ill  this  Poduuk  region  to  plant  tobacco  continuously  rather  than  to  use  a 
rotation.    There  are  fields  which  have  been  continuously  in  tobacco  for 
t'weiity-five  years,  and  which  it  is  claimed  are  as  productive  and  pro- 
duce as  fine  tobacco  as  at  any  period  of  their  cultivation.    This  broad- 
leaf  variety  is  grown  to  a  limited  extent  upon  the  small  area  of  Hart- 
ford sandy  loam  east  of  Connecticut  Biver,  near  South  Windsor,  but, 
w^ith   this  exception,  it  is  confined  to  the  Podunk  soil.    Corn    and 
potatoes  do  well  on  this  soil.    The  Agawam  area  has  not  been  very 
snecessfully  farmed  for  the  past  few  years,  for  some  unexplained  rea- 
son, and  there  is  a  chance  of  development  there  which  should  certainly 
arrest  the  attention  of  tobacco  growers. 


COKKBCnCUT  MEADOWS. 


The  Connecticut  meadows  occur  as  narrow  strips  on  either  side  of  the 
Connecticut  Eiver  from  Holyoke  south  to  Long  Meadow,  Mass.,  and 
Irom  Warehouse  Point  to  South  Glastonbury,  Conn.  There  are  smaller 
areas  along  the  various  tributaries  of  the  Connecticut  Eiver.  This 
represents  the  present  flood  plain  of  the  Connecticut  Eiver  and  its 
tributaries^  being  built  up  at  the  present  time  by  deposits  from  the  flood 
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waters.    The  river  will  finally  build  up  this  terrace  so  high  that  it 
no  longer  spread  over  it,  and  new  terraces  will  be  constructed  at  loi 
levels.    The  surface  of  the  meadows  is  generally  higher  along  the  ri^ 
bank  and,  of  course,  better  drained  there.    There  is  a  gentle  slope  di 
to  the  scarp  connected  with  the  upland  or  next  higher  terrace,  and 
area  immediately  below  the  upland  is  frequently  wet  and  swampy. 
meadows  are  all  subject  to  overflow  at  time  of  very  high  flood,  hd% 
spite  of  this  there  is  considerable  farming  on  them,  although  at 
risk  of  the  loss  of  the  crop.    Surface  of  the  meadows  is  level  or  gesBi 
rolling,  with  occasional  old  stream  channels  or  run-ways  in  them. 
surface  of  the  meadow  is  from  5  to  20  feet  above  sea  level  at  Hartfoi 
and  from  40  to  80  feet  above  sea  level  at  Springfield  and  Holyoke.    Th4 
material  of  which  the  soils  are  composed  has  been  brought  in  by 
rivers  at  flood  time,  but  there  is  no  evidence  of  stratification,  probablj 
on  account  of  the  wind  and  rain  action  between  the  comparatively  Ion j 
periods  between  the  floods.    The  character  of  the  material  is  vexy] 
uniform  throughout  all  the  areas.    It  is  very  fine  sand  and  silt,  being 
uniform  in  places  to  a  depth  of  10  feet  and  over,  resembling  loess  in 
many  of  its  characteristics.    It  is  a  grade  finer  than  the  Podunk  fine 
sandy  loam.    The  soil  is  from  16  to  18  inches  deep,  contains  a  large  || 


amount  of  organic  matter,  consists  mainly  of  very  fine  grades  of  sand 
and  silt  with  but  little  clay,  and  is  considered  extremely  fertile  and  pro- 
ductive. The  subsoil  is  grayish  in  color,  but  otherwise  hardly  difierent 
from  the  overlying  soil.  The  following  table  gives  the  mechanical 
analyses  of  four  samples  of  subsoil  from  the  Connecticut  meadows: 

Mechanical  analyses  of  suhsoila  of  Conneciiout  meadotps. 


\ 

\ 


Diameter. 

^f%^^imfters. 

2 

to  1 

1 

to  0 

.5 

0.5 

to 

.25 

.25 

to 

1 

.1 

to 

.05 

.05 

to 

.01 

.1 

to 

.005 

.005  to 

.0001 

Conventional  namea. 


Gravel 

Coarse  Hand 

Medium  aand.. 

Fine  sand 

Very  flue  aand . 

Silt 

Fineailt 

Clay 


Lo88  at  110°  C... 
Loss  in  ignition. 


4207.' 

4217. 

Ciiicopee. 

Hartford, 

2i  miles  N. 

1  mile  S£. 

Per  cent. 

Per  cent. 

0.00 

0.00 

Trace. 

Trace.. 

0.37 

0.21 

6.87 

1.50 

50.86 

19.55 

28.40 

33.67 

6.60 

28.54 

8.35 

9.50 

1.10 

2.60 

2.60 

4.75 

4218. 
S.  Wind- 
sor, i  mile 


4219. 

Windsor, 
^raUeSEL 


Generally  the  meadow  soils  i)roduce  a  dark,  heavy,  low  grade  of 
tobacco.  When  dark  cigars  were  in  style,  as  they  were  fifteen  or  twenty 
years  ago,  these  meadow  lands  produced  a  tobacco  which  was  much 
more  in  favor  than  it  is  at  the  present  time.  Very  good  tobacco  can 
be  grown  on  high  meadow  land  if  it  be  well  drained,  but  there  is  aa 
almost  universal  prejudice  against  it  and  it  brings  a  low  price  from  the 
more  association  with  the  name  of  meadow  land.  There  is  an  area  of 
high  meadow  laud  west  of  East  Windsor  hill  which  is  never  overfiowed 
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the  river,  resembling  the  Podank  fine  sandy  loam  and  classed  with 
ipon  which  there  is  a  very  good  quality  of  tobacco  produced,  bat 
ich  suffers  from  the  mere  association  with  the  name  of  meadow  land. 
L  large  proportion  of  the  Connecticut  meadows  is  used  only  for 
BS,  several  crops  being  cut  in  the  course  of  the  year.  Areas  where 
y  well  drained  are  used  for  corn  and  potatoes,  and  in  some  cases  for 
sry  and  general  truck  farming.  Below  Merrick  the  meadows  are 
ed  to  keep  oat  the  high  water  and  insure  the  land  from  overflow,  but 
I  is  the  only  place  where  this  has  been  done  to  any  extent, 
lie  Conneeticat  meadows,  Podunk  fine  sandy  loam,  Hartford  sandy 
m,  and  Windsor  sand  represent  four  important  and  representa- 
3  soils  of  higher  and  higher  average  elevation  and  of  coarser  and 
rser  material,  which  represent  the  most  extensive  and  most  imper- 
ii soil  areas  in  the  valley.  The  difference  in  texture  of  these  soils 
rery  marked  and  very  apparent  to  the  eye,  and  this  difference  in 
tare  determines  to  a  large  extent  the  relation  of  the  soils  to  crops, 
i  particularly  to  the  quality  of  the  tobacco  produced. 


ENFIELD  SANDY  LOAM. 


[hi  either  side  of  the  valley,  in  terraces  around  the  hills  of  the  Trias- 
1  Btouy  loams  and  filling  up  depressions  at  elevations  ranging  from 
to  240  feet,  there  is  a  fine  sandy  deposit,  resembling  the  Hartford 
ndy  loam,  directly  over  the  Triassic  stony  loams  which  occurs  at  a 
pth  of  about  2  feet  below  the  surface.  The  outward  extension  of  the 
traces  grades  into  the  Hartford  sandy  loam,  where  the  Triassic  stony 
un  is  3  feet  or  more  below  the  surface.  The  underlying  Triassic 
ony  loam  provides  a  retentive  subsoil,  and  these  soils  retain  moisture 
)tter  and  are  rather  stronger  than  the  Hartford  sandy  loams,  which 
«y  resemble  in  other  respects.  The  following  table  gives  the  mechan- 
al  analysis  of  a  sample  of  Enfield  sandy  loam : 

Meehanical  analysis  of  subsoil  of  Enfield  sandy  loam. 


Diameter. 


MiUimetert. 


2 

1 
0.5 

.25 

.1 

.05 

.01 


to  1 
to  0.5 
to  .25 


to 
to 
to 
to 


.wa  to 


.1 

.06 

.01 

.006 

.0001 


Couventional  names. 


Grarel 

Coarse  Rand.... 
Medium  sand.. 

FinesaDd 

Very  line  sand. 

Silt 

Fine  silt 

ca»y 


LosaatllOoC... 
LoM  on  ignition. 


4202. 
East  Hart- 
ford, E. 


Per  cent. 

4.22 

5.05 

7.75 

10.43 

43.60 

13.53 

4.86 

5.57 


1.82 
3.22 
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A  very  good  quality  of  Habana  seed-leaf  tobacco  is  grown  t» 
limited  extent  on  these  soils,  especially  around  Melrose,  Osborne,  Wii 
ping,  and  south  of  Poquonock.  The  characteristic  feature  of  this  ^ 
as  distinguished  from  the  Hartford  sandy  loam  is  the  oocurrenoej 
the  Triassic  stony  loam  at  a  depth  of  from  12  to  24  inches.  The  ai<q 
along  the  eastern  part  of  the  valley  are  generally  thickly  settled.  | 
other  parts  of  the  valley  there  are  large  areas  still  uncleared  and  and 
tivated. 


SUiTIELD  CLAY 


The  Suffield  clays  occur  principally  at  Windsor,  East  Windsor,  ^ 
Snffield,  with  occasional  small  areas  along  the  scarp  between  the  Gti| 
necticut  meadows  and  the  upland.  These  soils  are  found  at  elevatifl 
varying  from  40  to  220  fe^t  above  tide.  The  surface  is  gently  ro] 
except  along  the  scaq)s,  where  the  slopes  are  liable  to  be  quite 
The  soils  are  heavy  clay  loams,  grading  down  into  drab  clays 
exceedingly  x)oor  drainage,  making  the  surface  cold  and  wet.  The 
lowing  table  gives  the  mechanical  analyses  of  two  samples  of  Suf 
clay: 

Mechanical  analyses  of  subaails  of  Suffield  clay. 


Diapieier. 


Millimeters. 

2  to  1 

1  to  0. 5 

0. 5  to    .  25 

.25  to 

.1  to 

.05  to 

.01  to 


.005  to 


.1 

.05 

.01 

.005 

.0001 


Conventional  namea. 


OraT«1 

Coarao  sand  . . . 
Modinm  aand.. 

Finosand 

Very  fine  sand. 

Silt 

Fine  silt 

Clay 


Loss  at  110<>  C. . . 
Loss  on  ignition . 


4208. 
Suffield. 


Per  cent. 

0.00 

.29 

.40 

.73 

5 

32.57 
29.10 
25.65 


4209. 

Riverdale, 

W. 


Per  emt, 

0.00 

.00 

.00 

.15 

11.87 

38.58 

24 

23.50 


2.17 
3.53 


1.10 
1.50 


The  Suffield  clays  have  little  value  as  agricultural  lands,  and  ai 
mostly  given  up  to  grass  and  pasture.  There  are  large  areas  which  al 
not  cultivated  at  all,  and  growing  up  in  a  tangled  mass  of  worthM 
underbrush.  Around  Springfield,  Holyoke,  and  Hartford  there  » 
large  brickyards  making  brick  of  this  clay.  No  tobacco  is  grown  ii 
any  part  of  this  area,  as  the  soils  are  entirely  unsuited  to  this  crop. 


ELMWOOD  LOAM. 


The  Elmwood  loam  occurs  in  large  areas  around  Hartford,  WindM 
and  South  Hadley.  The  soil  consists  of  a  deposit  of  fine  yellow  sao^ 
loam,  about  24  inches  deep,  overlying  laminated  drab  clays,  similar  ii 
all  respects  to  the  Suffield  clays.  The  clay  is  a  deep  lake  deposit,  wliih 
the  overlying  sand  is  a  shallow  lake  or  river  de]H>sit.  The  followiol 
table  gives  the  mechanical  analysis  of  a  sample  of  Elmwood  sandy  loaa: 


CONNECTICUT   SWAMP. 
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Meekanical  anal^M  of  8uh$ail  of  Elmwood  nandtf  foam. 


Diameter. 


4220. 
Conventional  names.        <  Elmwood, 

Smiles  N. 


MUlifnetert. 
2         to  1 
1         to  0.5 
0.5      to    .25 
.25    to    .1 
.1      to    .05 
.05    to    .01 
.01    to    .005 
.005  to    .0001 


Gravel 

Coarse  sand — 
Medium  sand.. 

FineMand 

Very  fine  sand . 

Silt 

FinesUt 

Clay 


Pereent. 
0.00 
0.45 
8.76 
17.53 
50.82 
7.03 
4.05 
4.00 


LossatUOoC... 
Loss  on  ignition. 


1.40 
1.90 


The  surface  of  the  ground  is  rolling  and  hammocky.  The  soil  is  found 
elevations  varying  from  20  to  80  feet  above  sea  level  at  Hartford,  and 
m  160  to  200  feet  at  Soatb  Hadley.  Around  Hartford  the  Elmwood 
^ves  fairly  good  grass  and  pastare  lands,  but  is  not  cultivated  to 
extent  except  for  small  garden  patches.  North  of  Hartford  it  is 
ther  cleared  nor  cultivated.  The  area  around  Hartford  is  rapidly 
i^\T\g  ballt  up  in  the  suburbs  of  the  city.  A  few  small  areas  have 
Wen  cultivated  in  tobacco,  above  Windsor,  but  the  soil  is  not  adapted 
to  tobacco  caltivation. 

CONNKCTICUT  SWAMP. 

Considerable  swamp  land  and  wet  meadows  occur  scattered  over  the 

entire  valley  at  various  elevations.    They  occur  generally  along  the 

scarp  between  the  Connecticut  meadows  and  the  upland  and  along  a 

large  number  of  small  streams  flowing  into  the  Connecticut  Biver. 

Again  in  the  hollows  between  hills  and  slopes,  where  there  is  poor 

drainage,  these  upland  swamps  are  liable  to  occur  from  any  cause 

where  the  drainage  is  poor  and  the  soil  almost  impervious  to  water, 

wii\|  swampy,  wet  conditions  as  a  characteristic  feature.    Ko  matter 

at  what  elevation  they  may  be  found  these  are  all  classed  as  Connecti- 

eut  swamps.    The  swamps  are  all  of  fresh  water  and  they  are  all  at 

present  too  wet  for  cultivation.    Some  of  the  areas  can  be  easily  drained, 

while  others  immediately  along  the  river  could  not  be  reclaimed  except 

at  great  expense.    Most  of  them  along  the  river  are  wet  throughout  the 

fear.    Some  of  them  are  sutliciently  dry  during  the  summer  so  that  the 

coarse,  rank  meadow  grass  produced  may  be  mowed  and  saved  for 

roagh  forage.     The  character  of  the  soils  of  these  areas  has  not  been 

determined.     They  are  very  small  in  extent  and  of  little  agricultural 

importance.     Many  of  them  represent  merely  obstructed  drainage  areas 

which  by  anderdraiuage  could  readily  be  reclaimed. 


M 
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OOMPAKISON  OP  THE  TEXTUBE  OF  THE  SOILS. 

The  following  table  gives  a  clear  idea  of  the  texture  of  the  soite 
the  Gonnecticnt  Valley,  and  explains  to  a  great  extent  the  distribal 
of  crops  and  the  difference  in  the  characteristics  of  the  tobacco 
on  the  different  soil  areas: 

Windsor  Plains,  65  per  cent  gravel  to  medtam  sand,  30  per  cent  fine  and  Teiy 

sand. 
Triassio  stony  loam,  35  per  cent  gravel  to  medium  sand,  40  per  cent  fine  and 

fine  sand. 
Enfield  sandy  loam,  17  per  cent  gravel  to  medium  sand,  55  per  cent  fine  and  Tery 

sand. 
Diabase  stony  loam,  15  per  cent  gravel  to  medium  sand,  40  per  cent  fine  and  ven 

fine  sand.  ■ 

Hartford  sandy  loam,  65  per  cent  medium  to  fine  sand,  dO  per  cent  mediam  to  th^ 

fine  sand.  ^ 

Podunk  loam,  40  per  cent  fine  sand,  90  per  cent  fine  and  very  fine  sand.  : 

Connecticut  meadows,  50  per  cent  very  fine  sand,  80  per  cent  very  fine  sand 
Suffleld  cliy,  35  per  cent  ailt,  50  per  cent  fine  silt  and  clay,  25  per  cent  clay. 


PLICATION  OF  THE  THEORY  OF  SOLUTION  TO  THE 

STUDY  OF  SOILS. 


By  FRANK  K.  CAMERON. 


INTRODUCTION. 

I  the  course  of  the  work  of  this  laboratory  within  the  last  year  we 
«  had  occasion  to  examine  chemically  quite  a  number  of  soils  and 
crusts  from  the  arid  regions.  These  soils  have  been  of  the  class 
nm  as  << alkali  soils";  that  is,  they  contain  a  relatively  large  per- 
tage  of  water-soluble  salts.  The  origin  and  presence  of  these  salts 
^  been  discussed  in  the  publications  of  this  Division  and  elsewhere, 
liat  we  may  assume,  for  the  purposes  of  this  paper,  that  this  part  of  the 
gect  has  been  made  sufficiently  familiar  to  those  who  may  be  interested. 
?be  salts  which  go  to  make  up  these  crusts  or  water-soluble  constitu- 
B  of  the  soils  are,  in  general,  sodium  chlorid,  magnesium  chlorid,  cal- 
m  chlorid,  sodium  sulphate,  magnesium  sulphate,  calcium  sulphate, 
1  sodium  carbonate  with,  occasionally,  much  smaller  quantities  of 
ter  salts  which  may  be  regarded  as  relatively  unimportant.  It  is 
lal  to  find  several  of  these  salt  components  together  in  an  alkali  soil. 
BHien  sodium  carbonate  is  a  component  of  the  salts  present  then  the 
t mixture  is  known  as  ^' black  alkali,-'  because  of  the  charring  and 
istic  effect  of  the  sodium  carbonate  on  the  organic  matter  present 
^ng  a  characteristic  black  color  to  the  soil.  In  contradistinction, 
len  sodium  carbonate  is  not  a  component,  these  salt  mixtures  are 
own  as  '<  white  alkali,"  because,  in  general,  they  do  not  show  this 
fkeniog  effect  but  effloresce  on  the  surface  as  a  white  crust  if  present 
SQfficieut  amount.  It  is  to  be  remembered,  however,  that  local  ter- 
nology  is  not  always  in  full  accord  with  this  distinction ;  for  instance, 
i^ew  Mexico,  in  the  Pecos  Yalley,  there  are  tracts  of  land,  quite  dark 
Appearance,  containing  much  water-soluble  salts  or  alkali,  which  are 
^Uy  called  << black  alkali"  land,  although  examination  fails  to  show 
6  presence  of  any  sodium  carbonate. 

The  chemical  examination  or  analysis  of  these  water-soluble  salts  in 
16  soils  yields  results  which,  in  many  cases,  seem  very  remarkable  at 
•St  sight  in  the  relatively  large  percentage  of  salts  usually  regarded 
i  Bparingly  soluble — notably  sulphates  and  carbonates  of  lime— -and 
^^question  how  they  have  been  dissolved  and  transported  in  such  large 
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quantities  is  a  natural  one.   When  we  attempt  to  dissolve  these 
water,  in  order  to  remove  them  from  the  soil,  just  such  surprising 
are  obtained  in  our  solutions  in  the  relatively  large  quantities  dii 
under  certain  conditions.  In  order  to  understand  these  phenomena^ 
to  make  our  analyses  intelligible  it  will  be  desirable  to  have  in 
laws  governing  solutions  which  apply  to  such  cases. 

NATURE  OF  SOLUTIONS.  ^ 

i 
Before  discussing  these  laws  it  seems  well  to  state  more  preciid 

what  is  understood  by  the  term  solution,  and  as  we  are  concerned  <■ 

with  solutions  of  solids  in  liquids  we  shall  not  stop  to  make  any  mod 

cations  which  other  solutions  would  necessitate. 

The  most  striking  characteristic  of  a  solution  is  its  homogeneity; 
is  to  say,  after  it  has  come  to  equilibrium  every  part  of  the  8olutioa| 
just  like  any  other  part  in  all  its  physical  and  chemical  properties. 
important  exceptions  should  be  noted  here.  If  the  solution  be  one 
considerable  height  or  depth  the  gravitation  force  comes  in  evidi 
the  lower  portions  of  the  solution  are  more  dense,  the  higher  poi 
less  so,  and  there  is  a  corresponding  variation  in  other  properties, 
even  here  it  will  be  observed  that  there  is  no  sudden  break  in 
properties.  They  will  vary  regularly  and  continuously  as  we  go 
the  top  to  the  bottom.  Again,  it  has  been  observed  in  the  case  of  soM 
tions  in  contact  with  solids  (the  walls  of  the  containing  vessel,  fej 
instance)  that  in  portions  very  near  the  surface  there  is  often  a  com 
tration  of  the  dissolved  material.  This  phenomenon  has  been 
ad-sorption.  The  growth  of  crystals  on  the  surface  of  solids  in( 
duced  into  the  solution  is  probably  due  to  this  cause;  the  difficulty 
washing  certain  solutions  through  a  filter  paper,  where  often  a  portid 
of  the  dissolved  substance  will  linger  after  the  most  persistent  washioi 
is  a  well-known  example  of  this  phenomenon. 

Another  important  characteristic  of  a  solution  is  that  all  its  propa^ 
ties  vary  continuously  with  the  concentration.  The  law  by  which  th| 
variation  takes  place  in  any  specific  case  may  not  be  evident,  and  i 
general  it  is  not,  but  it  may  be  taken  as  a  well-established  principi{ 
that  there  is  no  sudden  jump  or  change  of  direction  in  any  physid 
property,  as  the  concentration  gradually  changes.  The  recognition  d 
this  fact  has  come  within  comparatively  recent  years.  It  was  ]<hi| 
supposed  that,  while  this  fact  was  in  general  trae,  there  were  weD 
marked  exceptions.  For  instance,  it  has  been  known  since  the  timed 
Gay-Lussac  that  the  solubility  of  Glauber's  salt  (the  decahydrate  d 
sodium  sulphate)  changed  suddenly  at  about  ^^  if  the  temperature  irtf 
gradually  raised.  So  do  all  the  other  physical  properties  of  the  soli- 
tion;  such  as  vapor  pressure,  refractive  power,  conductivity,  ^ 
Within  comparatively  recent  years  the  explanation  was  offered  thai 
below  330  the  solution  was  one  of  the  decahydrate  in  water,  and  abon 
that  temperature  the  solution  was  something  different,  containing  1 
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ar  hydrate  or  the  anhydrous  salt.  Later  study  has  shown  that  this 
r  must  be  modified.  There  is  probably  no  change  in  the  substance 
lally  in  the  solution,  for  in  that  case  we  would  expect  some  irregn- 
iea  in  the  change  of  physical  properties.  The  difference  below  aud 
re  this  temperature  point,  33^,  is  in  the  equilibrium  between  the  dis- 
ced substance  and  the  undissolved  salt  which  may  crystallize  from 
saturated  solution.  It  is  really  the  nature  of  the  undissolved  salt 
he  given  temperature  when  in  contact  with  the  solution  that  is  the 
trolling  factor,  and  we  have  in  fact  two  solubility  curves  in  this 
ticniar  case  which  meet  in  a  common  point  near  33^.  When  the 
d  decahydrate  is  warmed  to  this  temperature  it  partially  melts  into 
atarated  solution  of  the  anhydrous  salt,  the  excess  of  anhydrous 
i  separating  as  such. 

We  are  now  familiar  with  quite  a  number  of  similar  instances  of  this 
meter,  but  in  every  case  investigated  a  similar  explanation  has 
tt  demonstrated,  and  this  characteristic  of  solutions  has  been  thor- 
^ly  established  as  a  natural  physical  law.  Indeed,  these  two  prop- 
ies  just  described  are  incorporated  in  the  best  definition  as  yet  pro- 
led  for  a  solution,  i.  e.,  a  homogeneous  mixture  whose  properties 
ly  regularly  with  the  concentration. 

LAWS  GOVERNING  SOLUTES. 

It  baa  been  found  convenient  in  discussing  solutions  to  introduce 
rtain  terms,  and,  as  it  will  greatly  simplify  what  is  to  follow,  they  are 
tt  defined.    The  substance  in  which  the  solution  takes  place  is  known 

•  the  solvent^  and  the  substance  which  goes  into  solution  in  the  solvent 
called  the  solute. 

From  the  study  of  the  phenomena  presented  by  solutions  it  has  been 
^  clearly  shown  that  the  solute  is  in  a  condition  strictly  analogous 
» a  gas — that  is,  its  molecules  are  perfectly  free  to  move  about  among 
ttmaelves  within  the  limits  of  the  solution.  Just  as  the  movement  of 
^  molecules  of  a  gas  results  in  a  pressure  on  the  walls  of  a  containing 
^*sel,  so  the  movement  of  the  molecules  of  a  solute  will  result  in  a 
W88ure  on  the  walls  of  a  containing  vessel;  only  the  medium  in  which 
k^y  are  free  to  move — the  solvent — must  extend  beyond  the  walls  of 
he  vessel  and  be  able  to  pass  freely  through  them.  Vessels  with  such 
Tails  have  been  realized ;  they  have  been  filled  with  a  solution,  immersed 

•  the  solvent,  and  the  pressure  on  the  walls  of  the  molecules  of  the 
olote-^tryiug  to  diffuse  into  the  outside  solvent — has  been  measured 
IQantitatively.  This  pressure,  which  has  been  called  the  osmotic  pres- 
^fe  to  distinguish  it  from  the  gas  pressure  known  as  vapor  pressure^ 
*w  been  foand  to  be  actually  the  same  in  amount  as  the  vapor  pres- 
«we  would  be  at  the  particular  temperature,  if  the  substance  could  be 

•  gas  at  that  temperature. 

It  has  long  been  known  that  certain  relationships  hold  between  the 
^oiume,  pressure,  and  temperature  for  all  gases,  irrespective  of  what 


144  APPLICATION   OF   THEORY    OF   SOLUTION. 

the  particalar  nature  of  the  gas  may  be*  The  explanation  for  ttaiai 
which  is  universally  accepted  at  the  present  time,  is  that  in  a  gas  ttd 
particles  of  which  it  is  composed  (the  molecules,  if  the  molecnlar  coi^ 
stitution  of  matter  be  accepted)  are  possessed  of  such  a  large  degree  ol 
freedom  that  they  are  entirely  able  to  move  about  among  each  othcd 
without  this  motion  being  impeded  by  anjrthing  in  the  nature  of  thi 
molecule  itself— in  its  shape,  size,  or  other  property.  This  view  ii 
supported,  for  instance,  by  the  fact  that  a  gas  will  diffuse  or  spread 
out  into  space  indefinitely  (practically)  if  not  confined  in  a  retaining 
vessel,  which  neither  a  liquid  nor  a  solid  can  do  without  first  passing 
into  the  gaseous  state;  and  by  the  further  fact  that  when  the  volume  is 
forcibly  made  small  or  the  gas  put  under  great  pressure,  whereby  the 
molecules  are  forced  together  so  that  presumably  the  individaal 
motions  are  affected  by  the  peculiar  nature  of  the  molecules,  the  gaa 
obeys  the  usual  laws  governing  the  volume—pressure — ^temperature 
relations  less  and  less  accurately.  It  follows  that  these  volume — ^pres- 
sure— temperature  relations  are  dependent  only  upon  the  number  of 
molecules  involved. 

Just  so  a  solute  by  virtue  of  the  presence  of  the  solvent  is  supposed 
to  separate  into  molecules  which  can  move  so  freely  among  one  another 
as  to  be  independent  of  any  inherent  characteristic  of  the  molecule 
itself  and,  consequently,  will  move  or  diffuse  throughout  the  solvent 
until  the  solution  becomes  homogeneous.  Only,  instead  of  diffusing 
indefinitely  into  space,  the  ultimate  volume  which  the  solute  may 
occupy,  independent  of  any  containing  vessel  with  semipermeable 
walls,  is  the  volume  of  the  solution.  Therefore,  it  would  be  expected 
that  these  volume — pressure — temperature  relations  which  holdfor  gases 
would  also  hold  for  solutes,  as  it  is  only  the  number  of  molecules  of  the 
solute  which  are  involved  in  determining  them  and  not  anything  in  the 
nature  of  the  molecule  itself.  This  has  been  found  to  be  the  case 
exactly,  and  all  the  laws  governing  these  relations  for  gases  are  also 
laws  for  solutes  if  we  snbstitute  the  term  osmotic  pressure  for  the 
vapor  pressure. 

DISSOCIATION   OF  ELECTROLYTES, 

The  solutions  with  which  we  most  commonly  meet,  and  those  which 
will  almost  exclusively  interest  us,  are  those  in  which  the  solvent  is 
water  and  the  solute  or  solutes  are  salts ;  that  is,  substances  formed  by 
the  action  of  an  acid  on  a  base.  These  substances,  when  dissolved, 
show  wide  variations  from  the  laws  which  have  just  been  described. 
These  variations  are,  perhaps,  best  studied  by  a  consideration  of  the 
osmotic  pressures  they  exert,  which  are  found  in  all  cases  to  be  higher 
than  was  to  be  expected.  Furthermore,  these  pressures  vary  with 
temperature  or  concentration  in  a  way  entirely  different  from  solutioDB 
in  general.  It  was  first  pointed  out  by  Arrhenius  that  these  variations 
are  characteristic  of  solutions  of  electrolytes;  that  is,  solutions  in 
which  the  electric  current  passes.    By  making  use  of  a  hypothesis 
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kich  had  been  advanced  by  Claudius  tbe  pheuouuena  wcfo  readily 
^licable.  Claasius  was  led  to  assume  that  when  an  electrolyte  was 
solved  in  water  it  separated,  partially  at  least,  into  comiK)Dents  or, 

we  now  say,  dissociates.    These  dissociated  parts  are  chemical  equlv- 

its,  and  in  the  act  of  dissociating  develop  equivalent  amoauts  of 

itricity  with  different  signs.    Thus  sodium  chlorid  would  dissociate 

sodiam,  bearing  a  certain  amount  of  electricity  with  the  positive 

i;  and  a  chemically  equivalent  amount  of  chlorine,  beariug  an 

[oal  amount  of  negative  electricity.    In  the  notation  of  chemistry 

lis  is  expressed 

+      - 
KaCl^Na+Cl 

In  an  exactly  similar  manner  sodium  sulphate  would  dissociate  as 
lus  indicated : 

+      +      - 
Na2S04;>]Sa+^^a+S04 

I  the  negative  electricity  on  the  group  SO4,  or  sulphion  exactly  equaling 
I  tbe  positive  electricity  on  the  two  sodium  equivalents. 

Borrowing  an  expression  introduced  by  Faraday,  these  dissociated 
parts  with  their  electric  charges  are  called  ions.  When  the  solution  con- 
taining ions  is  put  in  an  electric  circuit,  the  ions  bearing  the  positive 
eharges  are  attracted  to  the  negative  pole  of  the  circuit  and  the  ions 
bearing  the  negative  charges  toward  the  positive  pole,  in  accordance 
with  the  well  known  law  of  electricity. 

Retaining  sodium  chlorid  as  an  example,  we  may  illustrate  the  plie- 
Domena  by  a  mechanical  analogy,  thus: 

•  II       k^ 

g^    CI.. .01 ClNa        ClNa Na....Na    ^ 

+    ^     C1,...C1 ClNa        ClNa Na....Na     g     "" 

(S     CI.... CI ClNa        ClNa Na....Na     ^ 

The  chlorine  ions  on  arriving  at  the  positive  pole  give  up  their  elec- 
tric charges,  thus  becoming  ordinary  chlorine,  which  escapes  as  the  well- 
known  gas  or  reacts  on  the  water  of  the  solvent  to  form  hydrochloric 
acid  and  oxygen,  which  escapes  as  a  gas.    In  a  similar  manner  the 
sodium  ions  discharge  their  electric  burdens,  thereby  becoming  ordi- 
nary sodium,  and  immediately  react  on  the  water  to  form  sodium 
hydrate  and  hydrogen.    It  is  to  be  observed,  however,  that  the  chem- 
ical behavior  of  the  ions  is  entirely  different  from  what  it  becomes  when 
their  electric  charges  have  been  lost.    The  illustration  just  used  indi- 
cates that  there  would  be  a  gradual  accumulation  of  hydrochloric  acid 
at  the  positive  pole  and  of  sodium  hydrate  at  the  negative  pole.    This 
is  what  actually  happens,  as  anyone  can  readily  test  by  drawing  off 
portions  of  the  solution  near  the  poles  and  analyzing  them. 
H.  Doc.  3W 10 
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Each  of  these  ions  in  solution  behaves  to  all  intents  and  pai 
as  an  individual  molecule  and  exerts  its  influence  as  such  iu  del 
ing  tbe  osmotic  pressure  in  the  solution. 

Without  going  into  details,  it  may  be  said  that  from  an  estim] 
of  the  osmotic  pressure  it  is  possible  to  determine  the  number  of  i^ 
in  a  given  solution.     From  the  conductivity  it  is  also  possible  to  d< 
mine  the  number  of  ions;  and  tbe  agreement  by  both  of  these  mel 
is  of  such  a  character  as  to  make  this  idea  of  electrolytic  dissocial 
or  ionization  one  of  the  best  established  working  hypotheses  8ci< 
now  possesses. 

REVERSIBLE  REACTIONS  AND   THE  MASS  LAW. 

Suppose  a  solution  of  a  salt,  for  example  sodium  chlorid,  be  broagli 
in  contact  with  another  salt,  such  as  potassium  nitrate.  There  w3 
then  be  iu  the  solution  not  only  the  sodium  chlorid  and  the  x>otassiiifl 
nitrate,  but  tbe  ions  formed  from  them,  which  may  be  represented  tha« 

4-    +    -  -  I 

NaCl,  KN()„  Xa,  K,  CI,  and  NO3. 

+ 
But  the  Xa  ions  and  NO3  ions  can  form  sodium  nitrate  and  will  form  U 

to  a  certain  extent,  so  tbat  we  shall  have  this  salt  also  iu  the  solatioa 

In  the  same  way  potassium  cblorid  will  be  formed  and  the  final  sUM 

of  tbe  solution  will  represent  an  equilibrium  between  the  solvent  wataj 

and  the  various  salts  and  ions  which  can  be  formed.    It  is  obvioas  thai 

the  same  condition  could  be  obtained  by  starting  with  sodium  nitratx 

and  potassium  chlorid;  and  the  equilibrium  could  be  displaced  one  wa] 

or  the  other  by  varying  any  of  the  constituents.    Such  a  reaction  il 

called  reversible.    Again,  sodium  chlorid  in  water  partially  dissociatai 

thus: 

+    - 
XaCl  5  Na,  01 

Bnt  if  the  concentration  be  altered  by  the  addition  or  evaporation  d 
water,  the  equilibrium  is  displaced  and  either  more  sodium  chlorid 
will  dissociate  or  more  will  be  formed  from  tbe  already  dissociated 
ions.  In  fact,  practically  all  simple  reactions  so  far  studied,  whether  ii 
solution  or  otherwise,  have  been  found  to  be  reversible. 

Suppose  a  reversible  reaction  between  A  and  B  with  the  formatioB 
of  C  and  D.    It  may  be  expressed  thus: 

A+B§(J4-D 

Let  p,  q,  r,  s  represent  the  active  masses  or  the  number  of  molecoles 
per  unit  volume  acting,  respectively. 

Let  K  be  the  rate  of  combination  of  unit  masses  of  A  and  B  to  form 
0  and  D,  and 

Let  K]  be  the  rate  of  combination  of  unit  masses  of  O  and  D  to  form 
A  and  B. 
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le  magnitude  of  the  reaction  A-fB  ->.  is  Kpq,  for  it  is  directly  pro- 
ional  to  the  rate  of  combination  and  to  the  active  masses,  and  it 
II  be  Kirs  for  the  reaction  C+D  ->.    Therefore  when  eqailibriiim  is 
kblished 

Kpq=Kir8,  (1) 

lis  is  known  as  the  law  of  ^'mass  action,^  or  of  Gnldberg  and 
^age.     It  is  conventional  to  take  as  the  nnit  of  active  mass  in  sola- 
is  one  reacting  weight  per  liter. 
^Applying  this  formula  to  the  case  jnst  cited, 

-     + 
NaCl  %  Na+Cl, 

r  would  have 
K,pq=K2r, 

Mere  p  represents  the  concentration  of  the  ion  Na,  q  that  of  the  ion 

1+ 

CI,  and  r  that  of  the  ondissociated  salt  NaCl.    From  which 

pq     Ka  (2) 

r  =k;=^» 

vMch  is  known  as  the  dissociation  or  ionization  constant,  and  is  a  con- 
I  itant  for  constant  pressure  and  temperatore,  but  is  different  for  differ- 
I  e&t  salts. 

For  those  acids  and  bases  and  their  salts  which  are  usually  charac- 
terized  as  strong  Kt  is  found  to  be  large,  while  on  the  contrary  it  is 
always  small  for  the  so-called  weak  acids,  bases,  and  their  salts.  Since 
it  is  obvious  that  it  is  the  active  masses  of  the  ions  which  make  an  acid 
or  base  weak  or  strong,  the  magnitude  of  Ki  is  generally  taken  as  the 
measure  of  the  relative  '<  strength  "  of  an  acid  or  base  at  the  present  time. 
Still  applying  formula  (2)  to  such  a  case  as 

-      + 
NaOl  2  Na  +  CI 

+ 
we  see  that  for  every  ISsk  ion  there  will  be  a  01  ion — ^that  is,  the  concen- 
tration or  active  mass  will  be  the  same,  and 

^=Korp^  =  Kr 
r 

therefore  the  concentration  of  the  undissociated  salt  is  proportional  to 
the  square  of  the  concentration  of  the  dissociated  salt.  From  which  it 
follows  that  the  greater  the  dilution  the  greater  the  proportion  of  dis- 
sociated to  undissociated  salt. 

HBTEBOa£ira:OUS  EQUILIBRIA. 

So  far  we  have  considered  only  cases  of  homogeneous  equilibrium, 
where  we  had  but  one  reversible  reaction  and  complete  solution.  But 
there  are  certain  types  of  heterogeneous  equilibrium  which  remain  to 
be  considered. 
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Sapx>ose  a  salt  S  in  contact  with  a  solution  saturated  with 
to  it  and  containing  therefore  S^  of  it.    S*  will  be  partially  dit 
into  A  and  B.    Let  c  be  the  concentration  of  the  undissolved  salt 
the  concentration  of  the  dissolved  but  undissociated  salt,  and  a 
the  concentrations,  respectively,  for  the  ions.    When  equilibrium  si 
have  been  established  between  S  ^  S^  the  equation  expressing  the 
will  be 

Ci 

but  c,  the  concentration  of  the  undissolved  substance,  is  the 
thing  as  its  specific  gravity — that  is,  a  constant  Kj;  therefore 

c,  -  ^^  -  K3  ^ 

From  the  dissolved  salt  we  get  S*  J  A  4-  B  and  ' 

Ci 

from  which,  substituting  from  (4), 

ab  =  K3  K4  or  K.  (6) 

which  is  known  as  the  solubility  constant. 

If  the  equilibrium  remain  undisturbed,  this  equation  (G)  will  liold| 
but  if  it  be  disturbed  there  will  be  two  possibilities,  either  ab  ii 
greater  than  K  (ab  >  K)  or  ab  is  less  than  K  (ab  <  K).  If  ab  >  KJ 
then  the  reaction  will  go  A  -f  B  -^  S^  and  S^  -^  S,  and  there  will  iM 
a  precipitation  of  the  salt.  If  ab  <  K,  the  reaction  will  go  S  -►  S*  and 
S*  -^  A  +  B,  and  there  will  be  a  further  solution  of  S. 

If  we  have  two  or  more  salts  brought  into  solution  in  water,  as  wac 
indicated  above,  there  will  be  formed  also  all  the  possible  combination 
of  which  the  dissociated  ions  are  capable,  as  well  as  the  ions  them- 
selves, and  of  all  these  possible  combinations  that  one  will  be  tbc 
first  to  precipitate  the  product  of  whose  ionic  concentrations  shall 
first  exceed  its  solubility  constant.    Suppose,  for  example,  that  to  fl 

+ 
solution  containing  sodium  chlorid  NaCl  and  its  ions  Na  and  Clirc 

add  potassium  chlorid  which  will  yield  its  ions  K  and  Gl,  one  of  wiiich 
is  common  to  the  salt  already  in  solution.  Then  the  product  of  tbe 
ionic  concentrations  of  both  salts  is  thereby  increased.  It  might  hap- 
pen that  this  product  for  the  salt  already  in  solution  was  equal  to  its 
solubility  constant;  the  increase  in  the  product  brought  about  by  the 
addition  of  the  salt  with  a  common  ion  will  indicate  a  state  of  iusstable 
equilibrium;  there  will  be  a  "forcing  back  of  the  dissociation "  with 
formation  of  an  excess  of  undissociated  salt  and  its  precipitation  from 
the  solution.  Thus  lead  chlorid  can  be  easily  precipitated  from  a  sola- 
tion  by  the  addition  of  potassium  chlorid.    By  adding  strong  hydro- 
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tloTie  add  solution  to  a  moderately  concentrated  solution  of  barium 
■orid  one  can  precipitate  the  latter  in  beautiful  crystalline  scales. 
I  very  interesting  case,  illustrating  these  views,  which  is  to  be  found 
■  nature,  has  recently  come  under  investigation  in  this  laboratory. 


CABBOKATES   AND  LIME  IN  GREAT   SALT  LAKE. 


The  water  of  the  Great  Salt  Lake  in  Utah  is  a  strong  solution  of 
its.    The  moBt  conspicuous  base  present  is  sodium,  though  there  are 
potassium,  magnesium,  and  a  small  amount  of  calcium.    There  is 
in  to  believe  that  strontium  would  be  found  on  a  careftil  examina- 
i,  but  it  is  present  (if  at  all)  in  amounts  which  could  easily  escape 
;tion  without  unusual  refinement  in  the  analysis.    Among  the  acids 
pesent  carbonic  acid  has  not  been  recorded  in  any  analysis  of  the  water 
10  far  as  I  am  aware.    But  its  presence  has  been  clearly  shown  by  an 
aocamination  in  this  laboratory.    While  working  in  the  neighborhood 
of  the  lake  recently  it  occurred  to  Mr.  Gardner,  of  this  division,  to 
hst  the  aLkalinity  of  the  lake  water  by  adding  a  few  drops  of  alcoholic 
{iheDolphthalein  solution  to  a  sample.    No  alkaline  reaction  could  be 
observed,  bat  on  throwing  away  the  tested  sample  and  rinsing  the 
oontaining  vessel  with  distilled  water  a  distinct  pink  color,  denoting  an 
alkaline  reaction,  was  observed  in  the  wash  waters.    An  examination 
of  the  distilled  water  failed  to  show  any  alkalinity  and  the  matter  was 
leferred  to  this  laboratory.    Samples  of  the  water  from  the  lake  were 
oxamined  and  found  to  show  no  reaction  with  phenolphthalein,  but  on 
gradually  diluting  the  solution  the  pink  color  appeared.    Strong  artifi« 
dal  brines  of  sodium  chlorid  were  then  prepared  and  small  quantities 
of  sodium  carbonate  added.    These  also  failed  to  show  any  color  on  the 
addition  of  phenolphthalein,  but  yielded  the  color  on  dilution.    The 
reverse  experiment  was  then  tried  of  gradually  adding  sodium  chlorid 
to  a  solution  containing  a  small  amount  of  sodium  carbonate  and  col- 
ored a  strong  pink  with  phenolphthalein.    As  the  concentration  of  the 
solution  with  resj^ect  to  the  sodium  chlorid  increased,  the  color  gradu- 
ally disappeared.    The  explanation  of  the  phenomena  was  clearly  dem- 
onstrated.   The  small  amount  of  carbonate  present  would  be  but  little 
dissociated  nnder  any  circumstances,  the  carbonates  all    having   a 
very  low  ionization  constant.    But  the  very  large  number  of  sodium 
ions  in  the  solution  derived  from  great  quantities  of  sodium  chlorid 
and  sulphate  present,  the  solution,  in  fact,  practically  saturated  with 
respect  to  them,  forced  back  the  dissociation  of  the  weakly  dissociating 
sodium  carbonate  untU  there  was  none  of  this  salt  ionized  in  the  solu- 
tioQ.    Sodium  carbonate  itself  is  not  capable  of  an  alkaline  reaction 
and  its  solutions  only  become  so  through  its  ionization  products,  as  will 
^  explained  later.    In  consequence  this  delicate  test  for  its  presence 
of  necessity  failed,  and  the  small  amount  of  carbonic  acid  involved 
eonld  be  very  readily  overlooked  iu  the  analysis,  especially  when  there 
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wa8  no  reason  to  expect  its  presence.    It  may  be  of  interest  to 
that  an  examination  in  this  laboratory  has  shown  the  amount  of 
carbonate  present  to  be  aboat  0.012  per  cent  of  the  solution. 

The  absence  of  more  than  a  comparatively  insignificant  amount 
lime  from  the  waters  of  the  lake  has  been  the  subject  of  much  comi 
especially  as  salt  lakes  in  general  contain  a  good  deal  of  lime, 
times  even  an  astonishing  amount.  That  calcium  salts  have 
brought  into  the  lake  in  very  considerable  quantities  there  is 
abundant  evidence  in  the  large  amounts  of  carbonate  of  lime  found 
the  shores  and  bottom  of  the  lake.  But  calcium  carbonate  coald 
remain  in  solution  in  the  lake  water  to  any  greater  extent  than  a 
trace,  for  it  is  a  very  slightly  soluble  substance  in  itself  and  oonld 
be  ionized,  as  we  have  just  seen,  since  the  conditions  are  impossible 
the  existence  of  any  carbonic-acid  ions.  Moreover,  the  water  of  tiM 
lake  contains  so  much  sulphate  in  solution  that  it  must  be  regarded  m 
practically  saturated  with  respect  to  sulphions.  Therefore  only  so  mud 
calcium  sulphate  can  remain  in  solution  as  will  be  soluble  without  ionizai 
tion — a  comparatively  small  amount,  as  is  well  known.  Should  there  bi 
other  calcium  salts  in  the  solution  they  woald  be  continually  dissociat 
ing  and  forming  calcium  sulphate  and  being  precipitated  from  the  solu- 
tion until  equilibrium  should  be  restored.  It  should  be  remembered, 
however,  that  the  soluble  carbonates  constantly  being  brought  into  the 
lake  will  tend  to  restore  the  sulphions  to  the  solution,  the  carbonicacii 
ions  going  out  of  solution  with  the  lime.  Nevertheless,  it  is  the  rela- 
tively large  amount  of  sulphates  of  the  alkalis  present  which  must  be 
regarded  as  the  controlling  factor  in  the  small  amount  of  lime  soluble 
in  the  waters  of  the  lake. 

TWO   OB  MORE   SOLUTES   WITH  NO  COMMON  ION. 

Suppose,  on  the  other  hand,  that  to  a  solntion  containing  an  electro- 
lyte another  containing  no  common  ion  be  added.  As  has  been  already 
illustrated,  there  will  be  at  once  the  formation  of  all  the  combina- 
tions possible  to  the  ions,  and  with  the  consequent  taking  away  of  the 
ions  for  this  puri)ose  tliere  will  be  a  lowering  of  the  product  of  ionic 
concentration  for  each  of  the  salts;  that  is,  the  solubility  will  he 
increased.  This  phenomenon  is  most  strikingly  illustrated  in  the  case 
of  tliose  salts  usually  regarded  as  insoluble.  For  instance,  gypsum, 
which  is  essentially  the  salt  calcium  sulphate  containing  some  water,  is 
sparingly  soluble  in  water.  But  the  addition  of  an  electrolyte  with  no 
common  ion,  such  as  sodium  chlorid,  will  considerably  increase  the 
solubility  of  the  gypsum.  Some  experiments  made  in  this  laboratory 
have  shown  that  in  moderately  strong  brines  containing  only  sodium 
chlorid  gypsum  can  be  regarded  as  a  soluble  salt  The  reason  for  this  is 
readily  seen  when  the  substances  which  are  formed  are  considered,  both 
the  calcium  chlorid  and  the  sodium  sulphate  being  very  soluble  salts. 
The  transportation  of  large  quantities  of  lime  by  the  drainage  and 
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[nd  waters  in  arid  regions  where  these  salts  are  found  is  readily 
dieabJe  from  this  point  of  view. 

lalcium  carbonate,  so  abimdaDt  and  so  iiuiK>rtant  in  nature,  is  dis- 
ced in  a  precisely  similar  way;  but  the  ionization  of  carbonates 
ig  relatively  small,  the  effect  is  not  so  striking  and  relatively  much 

lime  is  transported  in  the  solution.  Tread  well  and  Eeuter^  have 
mtlj  published  investigations  on  this  point  and  find  the  solubility 
calcium  carbonate  in  sodium  chlorid  solutions  does  not  become 
rkedly  large  until  considerable  concentrations  of  the  latter  salt  «are 
;hed.  The  effect  of  carbon  dioxid  in  forming  the  more  soluble  bicar- 
of  lime  undoubtedly  is  an  important  element  in  this  connection, 
as  the  ionization  is  but  little  affected  by  its  presence  its  influence 
it  be  small  in  the  presence  of  such  a  salt  as  sodium  chlorid. 

HYDEOLYSIS. 

Water  is  itself  a  very  weak  acid  with  a  very  low  ionization  constant, 
it  does  dissociate  to  a  limited  extent  into  hydrogen  and  hydroxyl 
18,  thus: 

+      - 
H2O  ^  H+OH. 

The  absolute  amount  of  this  dissociation  is  very  small,  but  it  has 
been  the  subject  of  the  most  careful  and  painstaking  investigation, 
^tn  the  work  of  Kohlrausch^  Ostwsihl,  Arrheuius,  and  Weis  it  would 
appear  that  absolutely  pure  water  would  contain  certainly  less  than 
Igram  of  hydrogen  ions  in  12,000,000  liters  of  water,  but  nevertheless 
there  would  always  be  some  present.  These  dissociated  ions  from  water 
^1  of  course  react  with  the  ions  of  the  dissolved  electrolyte,  thus: 

NaCl+HOII  ^  NaOH+HCl, 

bnt  the  ionization  constants  of  the  sodium  hydrate  and  the  hydro- 
cMohc  acid  are  very  large,  while  that  of  water  is  rehitively  very  small 
indeed,  so  that  the  latter  will  be  formed  and  precipitated  as  such  nearly 
completely,  and  the  total  eft'ect  will  be  so  small  as  to  be  incaptable  of 
detection  by  ordinary  methods.  This  will  be  true  for  any  electrolyte 
^t\\\\\gh  ionization  constant,  but  with  an  electrolyte  which  ionizes  to 
a  small  degree  the  effect  becomes  important.  For  instance,  sodium 
caibot\ate  has  a  very  low  ionization  constant  in  water.  The  reaction  is 
indicated  thus : 

Na^COa+HOn  ^  Na  OH+IINaCOn, 

%nd  while  the  acid  sodium  carbonate  does  dissociate  further  it  is  to  a 
very  slight  extent,  as  is  the  dissociation  of  the  sodium  carbonate  and 
water  as  compared  with  the  dissociation  or  ionization  of  the  sodium 
'lydrate;  in  consequence,  the  solution  behaves  as  though  it  were,  as  in 


•Zeit.  Anorg.  Cbem.,  17;  170  (1898). 
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fact  it  is,  a  solution  of  sodiam  bydroxid.    This  phenomenon  of 
dissociation  of  the  salt  of  a  weak  acid  or  a  weak  base  in  water, 
the  formation  of  the  corresponding  strong  base  or  acid  x)088ible, 
been  called  hydroUzation.     The  ionization  of  water  is  increased 
heating,  a  fact  of  importance  in  many  analytical  operations.     It 
be  very  beautifully  illustrated  with  calciam  carbonate.    If  i>owd< 
marble  be  shaken  up  with  water  it  dissolves  to  a  very  slig^b^t  ext 
and  is  hydrolized  with  the  formation  of  calcium  hydrate,  which 
be  shown  by  the  alkaline  reaction  with  a  few  drops  of  phenolphthaJi 
On  heating  the  color  becomes  very  greatly  intensified,  but  on  coolj 
it  gradually  returns  to  its  former  condition.    This  increased  hydrol; 
power  of  heated  waters  is  obviously  of  the  first  importance  in  stadyb 
geological  problems  involving  the  solution  of  such  weak  salts  as 
bonates,  silicates,  aluminates,  borates,  etc.,  bat  its  full  siguificaDce  c$i 
hardly  be  said  to  be  appreciated  as  yet. 

HILGARD  ON  THE  b6lB  OF  OABBON  DIOXID.  I 

The  imporfance  of  these  relations  in  studying  soil  conditions  aii4| 
drainage  waters,  especially  in  arid  regions  where  soluble  salts  aboand, 
has  not  been  without  some  recognition.  Hilgard,  with  Weber,^  au^ 
later  with  Jaffa,^  has  given  the  subject  a  good  deal  of  attention  and  has 
formulated  an  hypothesis  to  account  for  facts  observed.  The  imp<x-; 
tance  of  the  subject  and  the  authority  which  attaches  to  the  views  of 
this  investigator  both  call  for  a  somewhat  detailed  examination  of  the 
hypothesis. 

From  long  observation  Hilgard  was  impressed  by  the  very  great  fre- 
quency of  the  occurrence  of  gypsnm  in  alkaline  waters  and  soil  leach- 
ings,  even  when  considerable  quantities  of  soluble  alkaline  carbonates 
were  present  and  when,  a  priori,  the  precipitation  of  all  (practically)  of 
the  calcium  in  the  gypsum  as  insoluble  calcium  carbonate  might  be 
expected. 

On  looking  over  the  literature  he  found  a  few  sporadic  referenees 
pertaining  to  the  subject,  wherein  no  explanation  is  advanced,  or  the 
phenomena  are  ascribed  to  some  peculiar  solvent  action  of  the  salts, 
without,  however,  any  hypothesis  as  to  the  nature  of  this  reaction. 

These  solutions  containing  the  gypsum  or  in  contact  with  it  are 
always  alkaline,  but  on  being  evaporated  to  dryness  or  to  relatively 
high  concentration,  this  alkalinity  is  diminished  and  a  greater  or  less 
amount  of  the  calcium  of  the  gypsum  is  precipitated  as  the  ordinary 
carbonate. 

Considering  the  origin  of  these  solutions,  Hilgard  is  led  to  the  view 
that  the  unlooked-for  phenomena  presented  are  due  to  the  presence  of 
an  excess  of  carbonic  acid  in  the  waters  or  soil  leachiiigs,  and  points 

>  Proceedings  of  the  Society  for  the  Promotion  of  Agricultoral  Science,  1888,  p.  40. 
« Ibid,  1890,  p.  80. 
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»  the  great  probability  of  its  presence.  This  view  was  tested  by 
iBing  carbon  dioxid,  for  varions  periods  of  time  from  ten  minutes  to 
>  hoars,  into  solutions  of  alkaline  sulphates  and  chlorids,  at  the  ordi- 
7  room  temperature,  in  which  precipitated  calcium  carbonate  was 
pended.  Taking  care  to  avoid  the  first  masking  of  the  reaction, 
ieh  sometimes  occurred  from  the  large  excess  of  carbon  dioxid,  in  all 
68  the  solutions  were  found  to  have  become  alkaline  and,  on  the 
lition  of  alcohol  to  the  solution,  a  precipitate  was  thrown  down  in 
ich  gypsum  and  calcium  carbonate  could  both  be  readily  recognized, 
together  with  Weber  he  then  undertook  some  quantitative  measure- 
nts.  He  made  up  solutions  containing  from  0.25  grams  to  2  grams 
BBsium  sulphate  i>er  liter.  In  these  solutions  he  suspended  calcium 
bonate  and  kept  the  solutions  agitated  while  passing  in  carbon  dioxid 
40  minutes.  The  solutions  were  kept  at  18^  during  the  experiment 
1  a  little  litmus  was  added.  At  first  the  solution  would  redden, 
ing  to  the  action  of  the  carbonic  acid  on  the  litmus,  but  in  about  ten 
nutes  it  would  become  blue,  the  color  intensifying  as  the  reaction 
^grassed.  At  the  end,  aliquot  portions  were  filtered  and  tested  as 
tows: 

[.  The  ^' total  alkalinity"  was  determined  by  titrating  with  normal 
iphnricacid  (alkalinity =No.  of  cc's  of  the  normal  acid  required), 
il.  The  portion  was  completely  evaporated  and  dried  at  110<^,  then 
lebed,  and  the  alkalinity  of  the  leachings  determined  by  titration 
th  normal  sulphuric  acid. 

DI.  To  this  portion  alcohol  was  added  to  make  about  a  60  per  cent 
»bol  solution,  whereupon  a  gelatinous  precipitate  settled,  which,  after 
elve  hours'  standing,  had  separated  into  easily  recognized  crystals 
gypsum  and  calcium  carbonate. 

Prom  the  figures  obtained  it  was  concluded  that  to  a  x)oint  somewhere 
itween  the  solutions  containing  one-half  gram  and  1  gram  per  liter  of 
itassinm  sulphate  the  reaction  was  complete  as  to  the  replacement  of  the 

ilphion  by  the  COj-ion,  but  beyond  this  the  replacement  was  less  com- 
^  and  the  relative  amount  of  the  replacement  was  a  regular  func- 
ou  of  the  initial  concentration ;  further,  that  the  solutions  did  not 
^cessarily  become  saturated  with  respect  to  acid  calcium  carbonate,  or 
ie  composition  of  the  residue  affect  the  alkalinity. 
The  further  discussion  by  Hilgard,  while  interesting  in  itself,  is  not 
nportant  for  our  purposes,  and  the  examination  of  his  views  may  fairly 
0  undertaken  with  this  statement  of  them. 

It  shonld  be  remembered  that  calcium  carbonate  is  itself  soluble  to 
MDe  extent  and  hydrolized,  as  has  been  indicated  on  page  18,  thus: 

CaCOg+HOH  ^  Ca(OH)2+CaH2(C03)2 

*d  the  solution  behaves  as  a  very  weak  solution  of  the  calcium 
Vdrate,  itself  but  a  slightly  soluble  substance,  but  distinctly  alkaline 
toward  indicators. 
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When  the  potassium  sulphate  is  brought  into  the  solution^  the 
bility  of  the  calcium  carbonate  is  materially  increased,  since  the 
of  the  calcium  that  can  be  held  in  solution  as  calcium  sulpha 
decidedly  greater,  and  the  equivalent  amount  of  carbonic  acid  is 
in  the  form  of  the  very  soluble  salt,  potassiuiu  carbonate,  thas : 

K2S04+CaC03  :^  KaCOs+CaSO* 

and  the  potassium  carbonate  formed  being  at  once  hydrolized  for 
reasons  already  given, 

K2OO3+HOH  '^  HKCOn+KOH, 

whereby  we  have  the  very  soluble  and   highly  ionize<l   iiotassiod 
hydrate  and  a  characteristic  strong  alkaline  reaction.  i 

It  should  be  borne  in  mind  in  experimenting  that  even  with  the  mo^ 
finely  divided  calcium  carbonate  some  little  time  is  required  for  tW 
solution  to  come  to  equilibrium  and  this  full  effect  to  become  obserw 
able. 

If  carbon  dioxid  be  now  passed  into  the  solution,  that  is  to  say,  eari 
bonic  acid  be  dissolved  therein,  at  least  two  effects  must  be  consideredftj 
It  will  tend  to  decrease  the  solubility  of  both  the  calcium  carbonate  andi 
the  potassium  carbonate  by  driving  back  the  dissociation,  supposing,  of 
course,  that  it  is  present  in  excess.  But  as  the  dissociation  of  these 
salts  is  very  small,  this  effect  of  its  presence  will  not  be  appreciable, 
for  its  other  result  will  be  the  formation  of  bicarbonate  of  both  calcium 
and  potassium,  thereby  increasing  the  solubility  of  the  calcium  and 
increasing  the  amount  of  this  metal  in  the  solution.  The  potassium 
bicarbonate  is  less  soluble  than  the  carbonate,  but  both  salts  are  so 
soluble  that  this  is  no  factor  in  the  case  before  us. 

In  spite  of  a  widespread  impression  to  the  contrary,  acid  potassium 
carbonate  has  been  clearly  shown  to  be  neutral  and  not  alkaline  in  its 
reaction.  This  fact  has  been  confirmed  and  most  clearly  demonstrated 
by  recent  work  in  this  laboratory.  But  it  has  also  been  shown  that  it 
is  a  very  instable  compound,  esi)ecially  when  in  solution,  quickly  invert- 
ing with  the  formation  of  the  normal  alkaline  carbonate,  even  though 
some  carbon  dioxide  must  be  present.  It  is  this  inverted  normal  car- 
bonate which  in  turn  is  hydrolized  with  the  formation  of  x>otjissinm 
hydrate,  which  gives  the  solution  its  alkalinity. 

The  solution,  after  the  treatment  described,  will  then  contain  calcium 
sulphate,  potassium  sulphate,  calcium  carbonate  or  bicarbonate,  potas- 
sium bicarbonate,  and  potassium  carbonate  hydrolized,  and  these  constit- 
uents are  in  such  proportions  that  stable  equilibrium  exists.  As  evap- 
oration proceeds  this  equilibrium  is  disturbed  and  the  relative  propor- 
tions vary,  accompanied  finally  with  successive  separations  of  these 
various  salts  in  the  solid  form.  But  always,  up  to  complete  desiccation, 
there  will  theoretically,  at  least,  be  some  of  each  of  these  salts  in  the 
solution  in  equilibrium  with  the  others,  though  the  absolute  amount  of 
any  of  them  may,  and  undoubtedly  for  some  will,  become  quite  small 
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ailditioQ  of  alcohol  to  the  solatioii,  by  decreasing  the  solability  of 

le  of  the  constitnents,  or  all  of  them,  will  proilace  analogous  results, 

iDg  only  in  the  quantitative  relations  to  one  another.    Thus  the 

ition,  it  is  obvious,  mast  remain  alkaline.     After  desiccation  re- 

ition  would  restore  the  original  conditions  for  the  same  total  con- 

ttratioD,  if  other  things  were  equal.  But  it  seems  probable,  from 
it  we  now  know,  that  the  solubility  of  the  gypsum  is  materially 
;ted  by  drying  at  llO^,  aud  undoubtedly  the  acid  potassium  carbon- 
would  be,  which  facts  are  quite  competent  to  account  for  Uilgard's 
ilts  with  the  leached  residues. 

It  will  be  shown  later  that  the  method  he  used  for  determining  the 

linity  of  bis  solutions  gives  misleading  results,  and  his  conclusions 

ive^l  therefrom  cannot  fairly  be  given  more  than  a  qualitative  value. 

main  thesis  of  the  paper,  that  the  carbon  dioxid  dissolved  in  the 

and  other  natural  waters  is  the  controlling  factor,  at  least  in  the 

he  means  it  must  be  regarded  as  incorrect.    The  observed  phe- 

>mena  are  readily  accounted  for  in  a  much  more  complete  way  in 
»8  of  the  conventional  theory  of  solutions,  and  the  presence  of  the 

rbon  dioxid  is  an  unnecessary,  though  contributing,  cause  for  the 
*rved  phenomena. 

GYPSUM  AND   AMMONIUM  SALTS. 

It  seems  pertinent  here  to  call  attention  to  another  reaction  which 
bas  a  widespread  application.  When  ammonium  carbonate  and  gyp- 
snin  are  brought  into  contact  we  may  indicate  the  reaction  that  takes 
place  thus: 

(N 84)2003+ CaS04 ;?  CaC03+(Nll4)2S04, 

calcium  carbonate  and  ammonium  sulphate  being  formed.  This  fact  is 
made  of  use  for  the  preservation  of  ammonia  salts  in  manure  piles  by 
the  application  of  gypsum  and,  under  the  conditions  that  there  exist, 
the  reaction  probably  "runs  to  an  end;''  that  is,  all  the  calcium  iscon- 
I  verted  into  the  carbonate.  The  same  reaction  results  may  be  assumed 
^^r  the  bicarbonate  of  ammonium.  Unlike  the  corresponding  sodium 
and  potassium  salts,  ammonium  carbonate  is  quite  instable.  In  water 
solution  it  immediately  commences  to  break  down,  forming  the  acid  or 
bicarbonate.    This  transformation  is  greatly  accelerated  by  heat. 

The  experiment  was  made  in  this  laboratory  of  boiling  a  solution  of 
ftnimoniam  carbonate  for  about  twenty  five  minutes,  in  contact  with  an 
I  eicessof  pure  pulverized  gypsum.  The  solution  was  then  allowed  tocool 
And  settle.  A  major  portion  of  the  clear  supernatant  liquid  was  evapo- 
^ted  until  crystallization.  The  crystalline  mass  was  identified  as  am- 
inoniiim  sulphate,  and  on  platinum  almost  completely  volatilized  when 
heated,  a  very  small  residue  being  left  which  could  be  recognized  as  a 
^cinm  comi>ound  by  the  flame  test. 

As  some  of  the  ammonium  sulphate  must  always  remain  in  the  solu- 
^^^,even  to  complete  dryness,  it  is  obvious  that  the  use  of  ammonium 
^fbonate  solution  for  the  reconversion  to  carbonates  of  the  alkaline 
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earths  after  ignition,  is  not  permissible  when  the  soil  contains 
or  similar  compounds.    In  spite  of  a  warning  by  Hilgard '  this 
not  always  recognized  and  has  been  the  occasion  of  some  ann< 
experiences. 

AHELIOBATION  OF  BLACK  ALKALI. 

The  amelioration  of  the  conditions  when  << black  alkali"  exists 
subject  for  grave  consideration.    A  suggestion  has  been  made  by 
gard  which  has  been  found  to  have  great  value.    It  is  to  apply 
or  land  plaster  to  the  soil  containing  sodium  carbonate.    The 
takes  place  as  here  indicated : 

Na20O3+0aSO4 ;?  OaCOj+NaiSO^, 

the  noxious  sodium  carbonate  being  to  a  greater  or  less  extent 
verted  to  less  harmful  sodium  sulphate  or  "  white  alkali"  and  the  h] 
less  and  but  slightly  soluble  carbonate  of  lime.  The  solubility  of 
calcium  carbonate  being  so  very  small  and  made  even  less  so  by 
presence  of  the  more  soluble  calcium  sulphate  with  a  common  ion, 
tendency  of  the  reaction  will  be  to  *^  run  to  the  end  "  before  equilibrii 
is  established.  But  to  bring  about  this  desired  result  it  is  n< 
that  the  soil  should  be  well  drained  and  aerated,  partly,  in  order  tij 
carry  off  the  soluble  salts;  and  this  may  well  be  of  considerable  imporj 
tance,  for  there  is  evidence  for  the  opinion  that  soils  show  a  8electifi| 
absorption  or  adsorption,  and  recent  work  of  Mr.  L.  J.  Briggd,  of  thM 
division,  indicates  that  sodium  sulphate  is  much  more  readily  leached 
from  a  soil  than  sodium  carbonate.  But  more  especially  because  in  the 
presence  of  water  and  in  a  soil  which  is  not  well  aerated  there  exists  a 
condition  favorable  to  the  conserving  of  carbonic  acid  in  the  soil  mod, 
under  the  influence  of  this  agent,  the  calcium  carbonate  is  converted 
into  the  acid  carbonate,  its  solubility  much  increased,  and  therefore  it§ 
active  mass,  with  the  result  that  a  reaction  opposite  to  the  one  jiut 
indicated  will  prevail.    Thus 

OaOOa+HaOOa  ^  CaHaCCOa)^, 
and 

Na2SO4+0aH2(CO3)2  ^  0aSO4+NaHCO3, 

but  the  acid  sodium  carbonate  formed,  as  will  be  shown,  is  instable  in 
solution  and  at  once  inverts  with  the  formation  of  the  undesirable 
sodium  carbonate,  even  when  some  carbonic  acid  roust  be  present 

NaHOOs^  NajOOg+HaO+OO, 

Empirically  these  controlling  conditions  were  determined,  and  pointed 
out  by  Hilgard.  A  correct  understanding  of  their  influeuce  and  impcv' 
tance  must  prove  of  use  in  their  management. 


'  Loc.  cit.,  1888,  p.  40. 
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preparation  of  a  sample  of  soil  or  soil  crast  containing  large 
Its  of  these  soluble  salts  presents  peculiar  difficulties.   The  prob- 
is  not  the  complete  chemical  analysis  of  the  specimens.  This  would 
require  the  easy  application  of  familiar  conventional  methods, 
is  desired  is  information  as  to  the  portion  of  the  sample  which 
luble  in  water.    The  total  amount  present  in  solution  in  water  in 
^t  with  the  soil  can  be  determined  in  such  cases  where  it  may  be 
by   the   investigator  in  the  field,  with  altogether  sufficient 
T)  ^y  means  of  the  well-known  electrical  instrument  designed 
division.     The  question  to  be  answered  in  the  laboratory  is 
it  salts  are  present  and  their  relative  proportions  in  these  soil  solu- 
te sample,  as  it  comes  to  the  analyst,  is  usually  a  dried  i>ortion  of 
soil  or  soil  crust.     Since  the  total  amount  of  salts  present  is  not 
1,  any  convenient  amount  may  be  taken  for  the  analysis.     Two 
les  of  procednre  suggest  themselves: 

To  leach  oat  the  soluble  constituents.  Experience  has  shown  this 
an  ineffective  method.    It  has  been  known  since  Brenner's  work, 
H836,  confirmed  by  the  work  in  Liebig's  laboratory,  that  of  Way, 
many  others  since,  that  soils  are  peculiarly  adapted  to  the  illustra- 
of  the  little  understood  phenomena  of  selective  adsorption  and 
^rption.     Some  little  attention  has  been  given  to  this  subject  in 
!ent  years,  principally  by  Ostwald.    But  it  must  be  said  in  all  frank- 
that  oar  knowledge  of  the  matter  is  in  a  very  unsatisfactory 
kte.    Attempts  were  made  to  extract  some  of  these  soil  crusts  by 
irowing  them  on  a  filter  and  extracting  with  successive  i>ortions  of 
Iter. 

The  mechanical  difficulties  in  the  filtering,  the  inefficiency  of  the 
method,  as  evidenced  by  the  very  considerable  amounts  of  chlorid  in 
the  ^&sh  water  after  many  extractions,  caused  this  procedure  to  be 
abandoned.     Some  of  the  same  soil  crusts  were  then  put  in  a  continu- 
ous extraction  apparatus  which  was  known  to  be  of  a  very  efficient 
type-    After  extraction  for  three  working  days  of  eight  hours,  it  was 
ioun&that  there  were  yet  very  large  quantities  of  chlorid  in  the  crnst. 
After  seven  days'  extraction  chlorids  were  still  coming  through.    Oon- 
»4ct\i\g  the  nature  of  the  salts  present,  an  application  of  the  laws  of 
solution  seemed  to  cast  doubt  on  the  validity  of  this  method,  aside 
h^T&the  difficulties  just  described,  so  that  it  has  been  definitely  aban- 
doned in  this  laboratory.    It  would  seem  desirable  that  a  more  system- 
^^i^  ^Ad  careful  investigation  of  the  matter  should  be  made,  and  it  is 
hoped  that  the  subject  will  appeal  to  some  one  whose  time  and  oppor- 
^JMdties  will  permit  it. 

n.  The  procedure  we  follow  at  present  is  to  take  about  20  grams  of 
^^^  sample,  if  it  appears  to  be  largely  soil,  more  or  less  according  to 
judgment  as  the  proportion  of  salts  varies,  and  shake  up  thoroughly 
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with  aboat  350  oc  of  water.    This  shaking  or  stirring  is  repeated 
qaently  for  a  day.     The  whole  is  then  allowed  to  stand  ovemi| 
a  day,  as  convenience  dictates.      The  supernatant  liquid,  whi^ 
nsnally  qoite  clear,  is  then  decanted  through  a  filter,  as  much  as 
sible  being  i>oared  from  the  i^esidnal  mud  without  actually  draini 
The  filtrate  is  then  made  up  to  about  500  cc.  and  aliquot 
taken  for  the  analysis  according  to  the  conveutional  method, 
assumptions  are  made  in  this  procedure,  but  they  appear  warrant 
It  is  to  be.  supposed  that  some  of  all  the  salts  remain  in  the  resM 
mud.    Gypsum,  which  is  a  very  common  constituent  in  these  sam] 
undoubtedly  fails  to  be  extracted  to  anything  like  completeness, 
over,  the  solution  which  is  decanted  from  the  soil  may  well  be  qi 
different  in  concentration  from  the  solutions  which  would  occur  in 
field,  and  consequently  the  proportion  of  salts  dissolved  may  be  di 
ent  from  the  larger  volume  of  water  used.     Taking  these  facts 
consideration,  it  nevertheless  seems  probable  that  the  solution  as 
prepare  it  gives  a  fair  approximation  to  the  soluble  constituents  of 
soil,  barring,  of  course,  excessive  amounts  of  such  a  substance  as 
sum,  and  will  give  a  fair  idea  of  what  a  drainage  water  in  that 
would  carry  away.    We  can  only  say  that  in  the  light  of  our 
rience,  and  atter  giving  a  great  deal  of  consideration  to  the  subjedij 
seems  to  present  fewer  objections  than  any  procedure  so  far  sugj 

It  sometimes  happens  that  atter  decanting  through  the  filter 
solution  will  remain  more  or  less  cloudy,  even  after  prolonged  sUiHi 
ing.  When  cloudiness  is  due  to  suspended  mineral  matter,  it  can  gefr 
erally  be  removed  by  running  the  solution  a  second  time  throagh  i 
Schleicher  and  Schiill  ^^hardened"  filter,  drying  the  filter,  and  washini 
as  quickly  as  possible  with  several  successive  small  portions  of  M 
water. 

In  general  what  the  analyst  has  to  estimate  in  the  solution  are  ttfl 
cblorids,  sulphates,  and  carbonates  of  calcium,  magnesium,  and  sodioB. 
Occasionally  other  substances,  as  the  salts  of  potassium  and  stronttofli 
may  be  present  in  sufficient  quantity  to  require  their  estimation,  hst 
this  is  exceptional;  usually  they  are  present  in  such  minute  quantititf 
that  they  may  be  disregarded.    Too  little  is  known,  as  yet,  regardi&f 
the  nature  of  the  organic  matter  which  may  be  in  the  solution,  and  iU 
effect  on  the  other  constituents  to  make  its  determination  of  any  vala^ 
It  is  important,  however,  that  a  direct  determination  of  all  the  constilr 
uents  usually  found  should  be  made,  and  it  can  not  be  assumed  tbat 
any  one  of  them,  the  sodium  for  instance,  can  be  calculated  by  differ- 
ence.   If  there  be  organic  matter  in  the  solution,  an  attempt  to  deter- 
mine the  total  mineral  constituents  will  necessitate  its  burning  b^  * 
temperature  which  will  inevitably  cause  a  loss  in  the  other  constitaeDtS' 
Its  oxidation  by  other  methods,  while  possible,  is  not  justified  od 
account  of  the  time  required,  and,  moreover,  either  liberates  the  car- 
bonic acid  or  presents  other  chemical  objections.    The  difficulty  is 
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dehydrating  a  residue,  wheu  there  will  be  so  mach  ^^  water  of 
ktion,"  will  be  safficiently  obvioas  to  any  analyst.  To  attempt 
[late  the  amonnt  of  sodium  required  with  the  other  bases  to 
neatralize  the  acid  found  will  often  yield  misleading  results 
there  are  mixtares  of  mouovalent  and  bivalent  acids.  Under 
dremnstances  different  analysts  would  get  different  results, 
ing  apon  the  ^way  in  which  the  various  bases  and  acids  were 

statement  of  tbe  analytical  results  merits  attention.  The  con- 
\9l  method  of  stating  them  as  salts  is  often  misleading  and  gen- 
quite  nn warrantable,  with  our  present  knowledge.  To  illustrate, 
iter  bad  occasion  recently  to  compare  the  analyses  of  the  mineral 
lents  of  the  Oreat  Salt  Lake,  made  through  a  wide  range  of  time, 
lalyses  were  all  calculated  in  the  same  way,  presumably  for  pur- 
of  comparison,  and  are  stated  thus: 


U 

Gale. 
1850. 

20.20 
1.83 



Allen. 
1860. 

11.86 
.93 
1.49 
.09. 

.53  ; 

BaoMtt, 

1873. 

1 

Talm*}!!*. 
1885.           1880. 

kelikrid 

8.85* 
1.09  , 
1.19 
.20, 

i.'so* . 

.20    . 

13. 580           15. 743 

i»  nilphmte 

1.421  ,          l.tljO 

■ramchlorid 

1.129            2-011 

.148 
.432 

.279 

■fam  milphate 

.474 

•iamchkvrid 

■iot  dUioiine 

.09  i 

::::::. .:i:::::::::: 

I 

lotri 

22.  ?8 

14.99 

13. 42 

18.716  1       10  1W7 

1 

-w,   -^^w 

^ow  the  chlorine  uncombined,  stated  in  several  of  these  analyses,  can 

\>e  accounted  for  by  recombining  the  data  in  a  difi'erent  way  than 

\t  stated.    It  is  not  necessary  to  go  into  the  details,  as  it  is  obviously 

^m^ttoi  of  mere  arithmetical  jugglery.    It  will  be  observed  that  all 

magnesium  is  stated  as  having  been  present  as  chlorid,  whereas  it 

ptobable  that  man}'  other  analysts,  perhaps  the  majority,  would 

ive  calculated  it  as  sulphate.    As  to  which  would  have  been  the  better 

f%7  tl\ere  can  be  no  dispute.    By  referring  to  the  discussion  in  the 

^vlier  part  of  this  paper  it  will  be  seen  that  as  a  matter  of  fact  there 

^Ti%\.  Tiecessarily  have  been  both  magnesium  chlorid  and  magnesium 

sulphate  in  the  solution.    In  just  what  proportions  they  would  be  it  is 

^t  ^urse  possible  to  say  theoretically,  but  the  practical  difficulties  in 

(ietermiiiiDg  this  question,  in  the  vast  majority  of  cases,  may  be 

^^rted  as  at  present  entirely  too  difficult  to  warrant  any  attempt  to 

<Jo  80.   In  view  of  the  fact  that  it  is  the  ions  with  which  we  really  have 

^^  deal  ill  the  majority  of  instances,  and  that  it  is  in  fact  the  amount  of 

^be  possible  ions  which  may  be  formed  that  we  actually  estimate  in  our 

^^^ses,  it  would  seem  that  the  time  has  come  when  some  institution 

ororgaoization  that  could  speak  with  authority  should  inaugurate  the 

^^vention  of  stating  analyses  in  this  more  rational  way.    The  diffi- 

^ties  besetting  any  individual  or  sporadic  attempts  in  this  direction 
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are  so  patent  thej  need  no  ducusS5$k>iu    Tec  the  need  of  this  reform] 
an  intelligeDi  appreciation  and  use  of  the  material  can  not  be 
strongly  nrged. 

Since  the  epoch-making  work  of  Liebig  there  has  been  a  coi 
eBiort  on  the  part  of  chemists  to  determine  the  agricnltoral  value 
soil  by  a  chemical  examination  or  analysis.    The  methods  which 
been  saggested  all  depend  nyton  the  principle  of  bringing  the  com 
eotsof  the  soil  into  solution  to  a  greater  or  less  extent  in  the  pi 
of  some  acid. 

The  constitaents  of  the  soil  are  for  the  most  part  salts.  These 
are  in  genend  bat  slightly  soluble,  it  is  true,  bat  neirertheless  aolal 
some  extent;  and  consequently  in  aqueous  solutions  would  be  ioni; 
as  other  salts  are,  or,  since  they  aie  usually  salts  of  wi^k  acids^  h; 
lized,  as  has  been  described  elsewhere  in  this  paper.  The  presence  i 
an  acid,  or^  for  that  matter,  any  other  electrolyte,  such  as  a  base  ori 
salt,  displaces  the  equilibrium  and  alters  the  solubility  of  the  sofl  oflaf 
stituents.  Acids  have  met  with  most  favor  in  this  regard,  and  ttj 
reason  for  this  is  now  apparent,  because  in  dissociating  they  do 
furnish  ions  common  to  the  dissociating  soil  constituents,  and  hei 
the  solubility  changes  are  more  marked  when  they  are  employed. 

It  will  be  readily  seen  that  these  acid  extracts  represent  a  states 
equilibrium  between  the  dissociated  and  undissociated  electrolj 
contained  in  the  solution.  If  the  acid  solution  be  allowed  to  rei 
long  enough  in  contact  with  the  soil,  it  will  become  saturated  wi! 
respect  to  the  soil  constituents  or  their  ions  if  they  are  present  ii 
sufficient  quantity,  or  will  completely  dissolve  such  of  these  constihi 
ents  as  are  not  present  in  sufficient  quantity  to  saturate  the  solTeii| 
with  respect  to  them;  but  with  salts  such  as  compose  the  soil  tbi 
surface  exposed  as  controlling  the  ''  active  mass,"  as  well  as  their  coa* 
paratively  small  solubility,  must  be  considered,  and  for  a  final  cooh 
plete  state  of  equilibrium  to  be  obtained  will  require  generaUy  that 
the  solvent  be  kept  in  contact  with  the  soil  for  a  relatively  long  tioift 

It  is  obvious  that  in  any  particular  case  many  factors  or  conditions 
enter,  and  the  subject  is  bewilderingly  complex.  The  temperatore  as 
controlling  the  solubility  of  the  various  electrolytes  themselves;  as 
controlling  the  migration  velocities  of  the  ions;  the  concentration  d 
these  various  electrolytes  and  their  resulting  ions;  their  mutual  effect 
in  retarding  or  increasing  solution  when  they  yield  a  common  ion  or 
do  not  yield  a  common  ion;  the  surface  exposed  and  the  time  which  it 
is  exposed,  must  all  be  considered. 

It  is  not  surprising,  therefore,  that  experience  has  shown  different 
acids  to  have  yielded  widely  varying  results;  that  the  same  acid 
would  not  always  yield  comparable  results,  even  when  the  same  con- 
centration was  used,  for  in  such  a  case  the  factors,  common  ions,  dsA 
active  mass  are  incontrollable.  The  practice  finding  most  favor  at  the 
present  day  is  to  extract  the  soil  with  a  hot  concentrated  aqueous  sola* 
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I  of  faydrocliloric  acid,  bat  to  this  procedure  there  is  the  objection 
t  the  coDcentration  with  respect  to  hydrochloric  acid,  and  therefore 
active  maas  of  this  reagent,  is  measarably  dependent  upon  the 
lometric  pressure. 

Jhe  conditdoDs  which  will  determine  the  equilibria  in  our  acid 
Tacts  are  similar  in  kind  to  those  which  control  the  equilibria  of  our 
I  solutions,  bat  they  are  so  utterly  incomparable  in  degree  as  to 
ike  any  attempt  at  formulating  a  quantitative  comparison  well-nigh 
peless.  And  when  we  consider  the  effect  of  other  phenomena  which 
I  known  to  come  into  play  in  the  soil,  such  as  absorption  or  selective 
Borption,  for  instance,  this  attempt  must  be  regarded  as  absolutely 
peless  until  we  shall  have  obtained  much  more  and  precise  knowledge 
B&rding  these  subjects. 

FIELD    MSTHOD    FOB    ESTIMATING    SULPHATES,    CHLOEIDS,   AND 

CABBONATES. 

It  has  often  been  found  desirable  in  our  field  work  to  obtain  a  knowl- 
Ige  of  the  relative  quantities  of  the  various  salts  which  may  be  present. 
eference  of  samples  to  the  laboratory  for  analysis  by  the  regular 
tethods  is  not  practicable,  on  account  of  the  time  involved,  it  being 
ficessary  that  the  desired  information  be  obtainable  within  a  few  hours 
tthe  furthest,  in  order  to  determine  the  direction  in  which  the  work 
\  hand  should  proceed.  To  meet  these  requirements  the  following 
cheme  has  been  devised: 

Theapparatas  has  been  reduced  to  a  minimum;  it  has  been  so  arranged 
hat  it  can  be  readily  carried  into  the  field,  and  our  parties  are  regu- 
wly  provided  with  a  small  carrying  case,  in  which  everything  needful 
n  the  analysis  is  securely  and  neatly  packed.  It  is  provided  with  four 
tt  live  burettes  of  25  cc.  capacity,  graduated  to  -^  cc.  (i  cc.  will  answer 
*Very  purpose  quite  as  well);  several  bottles  (generally  four)  holding 
850  cc.  when  filled  to  mark  on  the  neck ;  specimen  vials  and  small  bottles, 
to  carry  reagents — the  solid  reagents  required  for  the  standard  solu- 
tions are  carefully  weighed  into  specimen  vials  or  tubes  in  the  labora- 
tory, and  sent  out  as  required,  the  solutions  being  made  in  the  field  by 
v^Dsof  the  250  cc.  bottles  mentioned;  a  small  porcelain  casserole,  in 
which  the  titrations  are  made,  and  which  can  be  heated  over  any  fire — 
sometimes  small  Erlenmeyer  flasks  and  a  spirit  lamp  are  preferred; 
tod  several  clamps  for  fastening  the  burettes  to  the  side  of  a  wagon. 

It  is  obviously  impossible  to  provide  a  complete  analysis  under  the 
conditions  prescribed,  but  for  the  purpose  desired  it  is  sufiicient  to 
know  the  relative  amounts  of  carbonates,  sulphates,  andchlorids  present. 
Therefore  the  method  is  designed  to  estimate  these  acids,  which  for 
convenience  are  conventionally  expressed  in  terms  of  the  sodium 
•*»^  A  sample  of  water  is  taken,  or  an  extract  is  made  from  the  soil, 
and  the  solution  filtered  or  decanted.  The  solution  need  not  be  clear. 
H.  Doc.  399 11 
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A  known  amount  of  bariam  nitrate  is  added  in  excess  to  10  cc  of  the 
extract,  to  precipitate  solphates  and  carbonates.  The  excess  of 
nitrate  is  titrated  back  with  a  solution  of  potassium  chromata, 
silver  nitrate  on  a  porcelain  tile  or  plate  as  an  indicator.    In  the 
vessel  standard  silver  nitrate  is  run  in  to  precipitate  the  chlorid, 
potassium  cbromate  on  the  porcelain  plate  as  an  indicator.    A  few  di 
of  nitric  acid  are  added,  and  the  liquid  heated  to  boiling,  to  drive 
the  carbon  dioxid  precipitated  with  the  barium.    The  excess  of  niJ 
acid  is  neutralized  witli  powdered  magnesium  carbonate.    Again 
solution  is  titrated  with  potassium  chromate,  the  quantity  reqi 
indicating  the  amount  of  carbonate  in  the  original  solution.    This, 
tracted  from  the  amount  required  for  sulphates  and  carbonates,  b 
cates  the  sulphates  present  in  the  solution.    The  three  titrations  are 
made  in  the  one  vessel,  making  the  method  a  very  rapid  and  com] 
tively  simple  one. 

The  method  is  not  without  its  shortcomings,  but  it  is  in  the  nature  i 
things  intended  only  to  obtain  approximate  results  and  has  proven  i1 
well  adapted  to  this  purpose.    It  may  well  be  capable  of  refin< 

It  should  be  noted  that  the  estimation  of  the  barium  by  ad< 
potassium  chromate,  using  the  silver  nitrate  as  an  indicator,  can 
be  advantageously  done  by  adding  the  silver  nitrate  to  the  solal 
and  even  on  the  porcelain  plate  the  reaction  is  not  all  that 
be  desired.    The  presence  of  a  chlorid  in  the  drop  taken  for  the  Xi 
necessarily  masks  the  reaction  under  observation,   and  even  in  tJri| 
absence  of  chlorida  the  reaction  is  not  '<  sharp. " 

The  writer  is  indebted  to  Prof.  J.  D.  Tinsley,  of  New  Mexico,  for  assisli 
ance  in  testing  this  method,  with  a  view  to  modifying  it  for  laboratoi^ 
practice.  Without  going  into  details,  it  may  be  said  at  once  that  m 
reaction  does  not  appear  well  adapted  to  such  an  application  of  it.  Iti 
use  in  the  field  method  just  described  is,  however,  warranted,  con* 
sidering  the  nature  of  the  results  desired.  The  scheme,  as  described, 
has  been  found  of  service  for  the  purposes  for  which  it  was  desigiieiL 

ESTIMATION  OF  CARBONATES  AND  BIGABBONATES :  A  FIELD  METHOA 

In  the  course  of  their  survey  work  in  the  regions  where  the  '^  black 
alkali "  exists,  our  field  parties  felt  the  necessity  of  a  rapid  method  for 
the  estimation  of  the  soluble  carbonates  in  the  soil,  or  really  the  alkaUni? 
of  the  soil.  They  tried  at  first  to  meet  this  want  by  taking  a  standaii 
volume  of  the  soil,  shaking  it  up  with  water  and  titrating  with  a  staod* 
ard  acid.  The  results  were  very  soon  found  to  be  valueless  and  tbe 
problem  was  referred  to  this  laboratory  as  urgent.  Obviously,  tbe 
first  thing  to  do  was  to  study  the  reaction  between  an  acid  and  sodinm 
carbonate.  It  was  very  soon  found  that  while  very  good  concordant 
results  could  be  obtained  by  heating  to  boiling  the  solution  of  sodioiB 
carbonate  before  titrating  with  standard  sulphuric  acid  solution,  that 
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l^as  finr  from  the  case  when  working  in  the  cold.    It  nltimately 
^ped  that  the  formation  of  the  acid  carbonate  or  bicarbonate  of 
^m  the  liberated  carbonic  acid  was  the  cause  of  the  trouble, 
kit,  in  spite  of  a  widespread  impression  to  the  contrary,  is  x>er- 
neutral  toward  the  usual  indicators,  but  is  very  instable,  and 
readily  to  a  ^eater  or  less  extent,  depending  on  the  conditions, 
normal  carbonate  which  is  alkaline  in  water  solutions.    In  titra- 
therefore,  with  a  standard  acid  solution  widely  varying  results 
been  obtained,  depending  upon  the  rate  at  which  the  solution 
m  in,  the  temperature,  etc. 
I^order  to  test  this  reaction  more  thoroughly  a  solution  of  sodium 
late  was  prepared.    Fifty  cc. of  this  solution,  treated  withan  excess 
rium  chlorid  solution,  gave  0.4840  grams  of  barium  carbonate. 
Lent  to  0.2601  grams  of  sodium  carbonate.    Therefore,  1  cc  of 
solution  contained  0.005202  grams  of  sodium  carbonate,  while  a 
normal  (N/10)  solution  should  contain  0.00528  grams  of  the  salt. 
Intion  of  snlpharic  acid  was  made  up  and,  after  a  number  of  pre- 
trials to  obtain  concordant  results — without  success — a  titra- 
was  made  in  the  usual  manner,  using  phenolphthalein  as  the  indi- 
and  titrating  to  loss  of  color,  the  solution  being  run  in  from  the 
fairly  rapidly.    10  cc.  of  the  sodium  carbonate  solution  was 
dvalent  to  1.3d  cc.  of  the  acid  solution, 
lerefore, 

:.  of  the  H2SO4  solution  was  equivalent  to  7.2  cc.  of  the  NajOOs  solu- 
t,  and 

cc  of  the  NusOOs  solution  was  equal  to  0.0374  grams  of  sodium 
rbonate. 
the  reaction  is  to  be  represented  thus : 

Na-tC03+ H2S04=Na2S04+  HjCOa, 

then  0.0374  grams  of  sodium  carbonate  should  be  equivalent  to  0.03456 

?rams  of  sulphuric  acid. 

l^the  reaction  is  to  be  represented  thus: 

2  Na2C03+H2S04=2  NaHC03+Na,S04, 

then  0.0374  grams  of  sodium  carbonate  should  be  equivalent  to  0.01728 

grams  of  sulphuric  acid. 

But  50  cc.  of  the  sulphuric  acid  solution  yielded  2.3346  grams  of  barium 

8nlphate,  therefore 

1  cc  representing  0.0374  grams  sodium  carbonate  was  equivalent  to 

^'.0196  grams  of  sulphuric  acid. 

From  these  results  it  was  concluded  that  both  reactions  took  place  in 
tills  case,  the  latter  predominating.  Similar  results,  but  different  in  the 
Quantitative  relations,  confirmed  this  general  conclusion.  The  method 
^a«  therefore  abandoned.    Various  methods  were  then  tried  and  the 
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literature  thoroughly  scanned  without  finding  anything  suited  to  d 

purpose.    Ultimately  the  following  reaction  suggested  itself:  1 

I 

Na2C03+ HKS04= NaHC03+  NaKSO,.  ^ 

Acid  potassium  sulphate  is  a  well  characterized  acid,  while  botfai 
reaction  products  are  neutraL  A  tenth  normal  (N/10)  solution  of  fl 
acid  potassium  sulphate  was  prepared  and  titrated  against  the  sodii 
carbonate  solution,  already  described,  using  phenolphthalein  as  fl 
indicator.  10  cc.  of  the  sodium  carbonate  solution  required  9.9  cc. 
the  acid  i>otassium  in  solution,  and  this  result  was  obtained  time  ai 
again,  only  on  standing  the  solutions  gradually  regained  their  pin 
color,  due  to  the  inversion  of  the  acid  sodium  carbonate  with  the  Ai 
mation  of  the  sodium  carbonate.  While  this  inversion  commenol 
almost  at  once,  it  is  not  rapid  enough  to  interfere  with  the  titratioi 
This  point  will  be  referred  to  again  later  in  this  discussion. 

It  was  proved  that  the  reaction  takes  place  as  indicated  with  quaoli 
tative  exactness.  The  reagent  employed  is  one  which  can  be  read! 
obtained  in  any  desired  purity,  and  is  very  easy  to  handle.  It  remain^ 
to  test  it  for  field  conditions.  A  solution  of  sodium  carbonate  was  prt 
pared,  10  cc.  of  which  was  equivalent  to  13.5  cc.  of  the  acid  {mtassiid 
sulphate  solution.  50  cc.  of  this  sodium  carbonate  solution  and  10  gnud 
of  a  loamy  soil  were  put  in  a  500  cc.  measuring  fiask,  water  added  li 
the  mark,  and  the  whole  vigorously  shaken  for  several  minutes.  Tk 
solution  was  then  allowed  to  stand  and  the  soil  to  partially  settle  foi 
five  minutes.  100  cc.  of  the  solution  was  then  drawn  out  with  a  pipette 
phenolphthalein  solution  added,  and  the  turbid  solution  quickly  titrated 
with  the  acid  potassium  sulphate  solution,  requiring  13.5  oc.  Thii 
experiment  was  repeated  with  identical  results. 

In  order  to  test  the  effect  of  sodium  bicarbonate,  if  present  in  thi 
soil,  as  we  had  reason  to  suspect  was  sometimes  the  case,  a  solution  d 
this  salt  was  prepared.  It  partially  inverted,  and  blanks  made  withil 
showed  that  10  cc.  of  the  solution  was  equivalent  to  0.8  cc.  of  add 
potassium  sulphate  solution.  Ten  cubic  centimeters  of  this  solution  wen 
added  to  each  of  two  100  cc.  portions  of  the  muddy  solution  containisf; 
sodium  carbonate,  just  described,  and  they  were  both  titrated  at  onoei 
They  required  14.1  cc.  and  14.2  cc.  of  the  acid  potassium  sulphate  sola- 
tion,  respectively,  or,  subtracting  the  correction,  0.8  cc.  for  the  bicar- 
bonate, 13.3  cc.  and  13.4  cc.  Therefore,  it  may  be  assumed  that  tbe 
presence  of  an  initial  amount  of  bicarbonate  does  not  affect  the  reactioD 
materially. 

In  order  to  test  the  method  for  field  use  a  strong  alkali  soil,  knowB 
to  contain  considerable  sodium  carbonate,  was  exactly  saturated  wM 
water — a  process  capable  of  great  precision  in  the  amount  of  wattf 
used.  Two  portions  of  20  grams  each  of  the  saturated  soil,  which  we 
will  designate  as  A  and  A\  were  washed  into  500  cc.  measuring  flasks» 
water  added  to  mark,  and  the  whole  vigorously  shaken.    They  ▼«« 
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owed  to  stand  jast  five  minutes  to  settle  somewhat,  and  then  100  cc. 
rtions  were  drawn  off  with  a  pipette  for  titration.  The  whole  process 
18  then  repeated  with  fresh  samples  of  this  same  soil,  which  we  will 


isig^nateasB  andC.   The  numberof  cubic  centimeters  of  a 
lution  required  are  here  given : 


10 


HKSO4 


A. 

I 

1 

1 

A'. 

B. 

49.1 
48.0 
49.0 
48.8 

C. 

49.1     , 
48.8 
48.6 
48.7     1 

50.3 
50.0 
49.2 
49.2 

45.8 
50.9 
46.3 
48.7 

Average. 

48.8 

1 

49.7 

48.7 

47.9 

Under  the  conditions  of  the  experiment  these  results  may  be  regarded 
ftquite  satisfactory.    They  were  determined  by  two  observers  indiscrimi- 
lately  and  as  a  first  test  of  the  method.    The  particular  soil  chosen 
las  one  which  gave  a  dark  gray  mad  whose  color  made  the  end  of  the 
itration  unusually  difficult  to  determine,  and,  finally,  all  these  determi- 
^tious  were  made  in  a  very  bad  light.    Efforts  were  next  directed  to 
^rfecting  the  mechanical  details  for  field  use.    It  may  be  said  at  once 
Biat  the  method  has  received  a  most  rigid  testing  in  the  field  as  well 
f»  the  laboratory,  and  on  solutions  of  known  strength  as  well  as  on 
unknown  soils,  and  has  been  found  to  be  of  easy  application  and  very 
accurate.    In  the  absence  of  any  very  unusual  special  condition  there 
»no  difficulty  to  titrating  accurately  to  within  0.1  cc.  of  the  N/10  acid 
potassium  sulphate  solution.    This  would  correspond  to  0.000528  grams 
of  sodium  carbonate.     Supposing  we  started  with  20  grams  of  satu- 
rated soil  containing  15  grams  of  solid  constitutents  and  made  up  the 
solution  to  £00  cc.,  titrating  with  100  cc.  portions,  this  would  mean  an 
error  of  0.017  of  1  per  cent.    In  soils  containing  from  0.5  per  cent  to  4 
poT  cent  of  sodium  carbonate  this  is  an  accuracy  far  beyond  field 
requirements.     In  this  laboratory  the  method  is  always  used  in  the 
examination  of  alkaline  soils  and  waters,  and  of  course  with  the  greatest 
accuracy  that  the  circumstances  will  justify.    It  possesses  the  inesti- 
naable  value  of  showing  at  once  just  how  much  of  the  sodium  carbonate 
ifi  present  as  the  normal  salt,  capable  of  being  hydrolized,  and  acting 
as  an  alkali.    For  this  purpose,  the  usual  method  of  titrating  with  a 
standard  sulphuric  acid  solution  or  of  estimating  the  sodium  or  carbon 
dio.xid  can  only  be  regarded  as  entirely  inadequate  and  misleading. 

The  apparatus  and  procedure  finally  adopted  for  the  use  of  our  field 
parties  is  as  follows : 

Several  (usually  four)  glass  bottles  of  convenient  shape,  with  cork 
stoppers,  of  such  a  size  as  to  hold  250  cc.  of  water  at  20°  C.  when  filled 
to  a  mark  on  the  neck;  one  or  more  25  cc.  burettes,  graduated  to  -^  cc. 
(ice.  would  amply  fill  all  requirements);  a  stand  or  clamp  to  attach 
*>wette  to  side  of  wagon  or  box;  one  or  more  60  cc,  pipettes;  a  vial  of 
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a  concentrated  alcoholic  solution  of  phenolphtlialein ;  sl  small 
for  measuring  the  soil.  This  may  vary  somewhat  according  to 
lections  of  the  user.  Before  going  into  the  field  the  weig:ht  of  a 
rated  soil,  the  corresponding  weight  of  this  same  soil  when  dried  skt 
forsoilsof  different  textures,  which  this  standard  vessel  will  hold 
exactly  filled,  is  determined  and  the  results  are  tabulated  in  th 
server's  note  book.  The  texture  of  the  soil,  and  iu  consequence 
weights  just  referred  to,  can  be  determined  by  observation  with  n 
able  accuracy  after  some  practice  in  the  field.  Small  glass  viala, 
containing  1.694  grams  of  pulverized  acid  potassium  sulphate,  care 
weighed  and  prepared  in  the  laboratory,  are  carried  or  sent  to  the 
parties  as  they  may  need  them.  This  amount  of  the  acid  salt 
dissolved  in  250  cc.  of  water  gives  a  K/10  solution,  which  is  as 
enough  for  a  large  number  of  detenninations.  The  actual  determ 
tiou  is  made  by  taking  from  the  cell  of  the  electrical  instrameut 
for  determining  the  total  salt  content  of  the  soil  enough  of  the  sata 
soil  to  just  fill  the  standard  vessel.  This  is  then  carefully  washed  i 
one  of  the  250  cc.  bottles,  in  which  process  a  small  copper  funnel  is  fo 
very  useful.  The  bottle  is  then  filled  to  mark,  shaken  vigorously 
few  minutes,  and  allowed  to  settle  for  five  minutes.  Fifty  cubic 
meters  of  the  supernatant  liquid  is  drawn  off  by  a  pipette  and  ran  i 
a  tumbler,  Erlenmeyer  flask,  or  any  convenient  vessel.  A  few  drops 
the  plenolphthalein  solution  are  added,  and  if  it  indicates  the  pr 
of  an  alkali  the  solution  is  quickly  titrated  witli  the  acid  potassium 
phate  solution.  Supposing  the  apparatus  and  solution  to  have  beea 
assembled  before  starting  on  the  day's  work,  this  whole  operation  caa 
be  readily  performed  in  from  ten  to  twenty  minutes,  including  the 
noting  of  the  data.  As  five  minutes  of  this  time  is  available  for  other 
purposes,  the  method  is  undoubtedly  a  rapid  one,  and  has  proved  from 
actual  experience  to  be  far  more  accurate  than  our  requirements. 

In  developing  this  method  some  observations  were  made  which  seem 
worthy  of  noting.    Calcium  carbonate  is  somewhat  soluble  in  water 
and  is  hydrolized  so  that  the  solution  becomes  slightly  alkaline.     The 
calcium  carbonate  is  converted  into  a  neutral  salt  by  the  aeid  potas- 
sium sulphate,  so  that  a  false  reading  may  be  obtained  in  estimating  the 
sodium  carbonate.    In  the  case  of  soils  or  soil  crusts  this  is  of  no  impor- 
tance, for  it  takes  the  calcium  carbonate  quite  a  little  while  to  go  into 
solution  to  a  sufficient  extent  to  make  this  effect  noticeable,  unless 
there  be  another  salt  such  as  sodium  chlorid  or  sulphate  present,  when, 
as  has  been  pointed  out,  one  is  entirely  justified  in  regarding  the  alka- 
linity as  due  to  sodium  carbonate  formed.    In  testing  river  or  canal 
waters,  however,  which  show  a  faint  alkalinity,  it  is  well  to  investigate 
whether  the  alkalinity  may  not  be  due  to  calcium  carbonate  alone.  The 
question  can  usually  be  settled  at  once  by  testing  for  the  presence  of  ft 
chlorid  or  sulphate  in  the  water,  in  which  case  when  either  of  these  is 
found  the  alkalinity  may  be  safely  regarded  as  due  to  sodium  carbonate. 
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method  can  not  be  considered  as  available  for  the  reverse  pro- 

-tliat  is,  to  run  the  sodium  carbonate  from  the  burette  into  a 

ion  of  the  acid  x^tassium  sulphate.    This  woold  be  an  advantage 

^me  observers,  if  it  were  allowable,  because  one  could  then  titrate 

api^earaiKse  of  color  instead  of  to  the  disappearance  of  it    But 

ipotasaiiuii  sulphate  must  be  regarded  as  a  strong  acid,  quite  capable 

^mposing^  carbonates,  and  by  having  it  in  excess,  as  has  just  been 

the  aeid  sodium  carbonate  which  would  be  first  formed  would 

be  more  or  leas  decomposed  by  the  excess  of  acid,  depending  upon 

^emperattire  and  concentration  conditions,  with  the  result  that  the 

lings  obtained  would  inevitably  be  nonconcordant  and  a  quantita- 

interpretation  of  them  wonld  be  impossible. 

rYSSSIOlil    OP    SODIUM  BICABBONATE  AND   SODIUM  BISILICATE. 

e  fact  that  acid  sodium  carbonate,  or  the  bicarbonate,  as  it  is  often 
d,  is  an   instable  compound  has  been  alluded  to  quite  frequently 
this  paper.      So,  when  solutions  which  contained  the  carbonate  have 
n  titrated  to  absence  of  color — that  is,  contain  only  the  acid  carbon- 
are  allo^wed  to  stand  they  gradually  regain  color,  indicating  the 
ersion  of  the  bicarbonate  and  reformation  of  the  carbonate.    This 
suggested  a  way  of  studying  this  inversion  quantitatively,  a  knowl- 
ge  of  which,  would  probably  have  great  practical  value  as  well  as 
ixetical  iuterest    This  subject  is  now  under  investigation,  but  only 
liminary  results  have  been  obtained  as  yet.    It  would  appear  that 
the  ordinary  room  temperature  (18^  C,  about)  the  inversion  pro- 
^eeeds  quite  rapidly,  the  curve  being  quite  steep  until  equilibrium  is 
'  iiearly  reached,  when  it  suddenly  becomes  very  flat  and  assumes  an 
assymptotic  character. 

This  reaction  has  now  been  very  thoroughly  tested  for  both  sodium 
and  x>otas8inm  carbonates,  and  in  the  presence  of  their  respective 
hicarbonates  has  proved  itself  most  satisfactory.    Among  the  applica- 
tions of  it  which  have  suggested  themselves  is  its  use  as  a  method  for 
^imating  the  relative  amounts  of  the  carbonate  and  bicarbonate  in 
the  manufacture  of  soda  and  potash,  for  which  up  to  the  present  time 
no  satisfactory  method  has  been  found.    It  remains  only  to  say  a  word 
as  to  the  indicators.    Other  indicators  have  been  successfully  used, 
but  phenolphthalein  has  proved  by  far  the  most  satisfactory  for  the 
^  sharpness"  of  the  end  reaction,  the  intensity  of  the  color,  and  because 
one  is  not  bothered  by  any  change  of  color  with  mixed  results,  the 
color  being  entirely  absent  the  instant  the  sodium  carbonate  ceases  to 
exist  as  such. 

It  has  been  suggested  that  carbonates  and  bicarbonates  can  be  esti- 
mated in  the  same  solution  by  using  phenolphthalein  as  the  indicator 
for  the  normal  carbonates  and  as  soon  as  color  disappears,  methyl 
orange,  which  is  a  stronger  acid  than  carbonic  acid,  being  added  and 
t^e  titration  continued.    Serious  objections  have  been  made  to  this 
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waters.    This  aoil,  as  can  be  readily  seen  under  the  inicrosoo] 
taisB  a  large  proportion  of  unaltered  mineral  fragments,  rich  imi 
and  alumina  and  therefore  well  adi^ted  to  yielding  these 
under  the  influence  of  the 'solvent  action  of  the  water;  and,  as 
of  fact,  this  packed  material  is  found  to  rapidly  become  ceooented 
iron  and  alumina,  as  an  examination  in  this  laboratory  showed.     1% 
be  regretted  that  at  the  time  this  examination  was  in  progress  it 
not  deemed  expedient  to  determine  what  constituents  the  irrij 
water  held  which  might  augment  its  solvent  power. 

That  other  agencies  are  at  work  in  the  production  of  these  phi 
ena  may  well  be  the  case.    For  instance,  oxidations  undoubtedly 
a  significant  rdle  in  this  connection  in  breaking  up  the  original 
als.    But  it  seems  equally  certain  that  the  part  that  solutions  play 
not  been  given  the  consideration  that  it  merits,  mainly  becaase  solnl 
phenomena  have  not  been  understood  until  comparatively  recent  yi 

The  study  of  hardpan  formation  necessitates  a  consideration  of 
tain  physical  phenomena;  for  instance,  the  movement  of  water 
various  solutions  in  the  soil.    This  subject  is  receiving  attention  in 
laboratory;  but  while  a  good  many  observations  have  been  made 
much  valuable  data  collected,  it  is  yet  too  soon  to  formulate  a  compl 
hypothesis  for  this  subject.    The  views  here  described  are  pnt  forwi 
in  the  hope  of  furnishing  an  Incentive  to  more  widespread  interest 
work  on  this  important  subject. 

THE  b6lE  of  fertilizers. 

In  the  action  of  fertilizers  on  the  soils  there  is  very  much  to  be 
learned;  for,  in  spite  of  the  great  amount  of  attention  that  has  been 
given  to  this  important  subject,  it  can  not  fairly  be  claimed  that  we 
have  made  much  more  than  a  beginning.    While  it  has  long  been 
acknowledged  that  the  disintegration  of  the  mineral  constituents  of 
the  soil,  through  the  agency  of  the  fertilizer,  is  a  factor  in  its  use,  and 
that  solution  phenomena  are  important  in  this  connection,  but  very 
little  advance  has  been  made  in  this  direction,  and  its  full  importance 
has  not  been  appreciated.    It  can  not  fail  to  be  of  advantage  to  inves- 
tigators in  this  field  to  give  this  point  of  view  more  consideration  in 
the  future;  for  it  is  indisputable  that  the  mineral  constituents  of  the 
soil  are  salts  soluble  to  at  least  some  extent,  and  affected  in  their  sola- 
bility,  as  are  other  salts,  by  the  presence  and  nature  of  other  solutes 
in  the  soil  solutions.    It  becomes  of  the  first  importance,  therefore,  in 
determining  the  use  of  any  particular  fertilizer  to  consider  its  probable 
conduct  on  contact  with  water — what  ions  it  will  yie!d,  if  it  be  an 
electrolyte,  and  how  these  ions  will  affect  the  solubility  of  the  soil 
ingredients,  and  thus  bring  into  activity  products  which  may  be  of 
value  as  plant  nutrients.  No  less  desirable  is  information  of  this  char- 
acter than  is  that  of  the  physical  effect  as  modifying  the  texture  or 
moisture  content,  for  example,  or  in  forming  new  compounds  more  or 
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I  desirable;  and  in  tbe  study  of  this  latter  point  the  ideas  here  sug- 
Red  will  be  fkmnd  to  have  mach  use.  That  they  will  lead  to  further 
rk  on  the  purely  physical  side  of  tbe  problem  is  not  the  least  of  the 
vantages  in  tbeir  consideration;  for  it  does  not  seem  too  much  to 
pe  that  the  near  future  will  bring  us  most  helpful  and  practical  infor- 
ition  as  to  selective  absorption  of  solutes  by  soils  and  as  to  the 
ange  of  vapor  pressure  in  soil  solutions,  important  as  modifying  the 
Mature  content  of  the  air  in  contact  with  the  soil.  Other  questions 
a  kindred  nature  will  suggest  themselves,  and  the  time  is  ripe  for  a 
fger,  broader  and  more  scieutiHc  attack  on  these  imi>ortaut  problems 
agriculture. 

SUMMABT. 

In  this  paper  there  have  been  presented : 

1.  An  outline  of  the  theory  of  solutions,  showing  that  a  solute  by 
rtae  of  tbe  presence  of  the  solvent  behaves  as  though  it  were  a  gas, 
id  that  electrolytes  present  the  added  phenomena  of  electrolytic 
ssociation  or  ionization. 

2.  A  demonstration  that  the  reactions  under  investigation  are  of  a 
rversible  type,  and  in  consequence  the  Mass  law  is  applicable  to  a 
ndy  of  the  equilibria  among  the  solutes. 

3.  An  application  of  these  views,  showing  how  the  solubilities  of  the 
ilphate  and  carbonate  of  lime  in  nature  are  increased  by  the  presence 
r  a  solute  which  dissociates  but  yields  no  common  ion. 

4.  An  announcement  of  the  presence  of  sodium  carbonate  in  the  waters 
F  the  Great  Salt  Lake,  Utah,  and  an  explanation  of  why  this  fact  has 
reviously  escaped  observation,  based  on  the  relation  which  obtains 
etween  the  ionization  products  and  the  solution  constant.  A  similar 
xplanation  is  offered  for  the  scant  amount  of  lime  in  the  waters  of  this 
ike. 

6.  An  examination  of  the  hypothesis  of  Hilgard  as  to  the  r61e  of 
arbon  dioxid  in  the  genesis  of  alkali,  in  which  it  is  demonstrated  that 
he  phenomena  observed  are  more  satisfactorily  accounted  for  in  terms 
>f  the  theory  of  solution,  and  that  the  carbon  dioxid  must  be  regarded 
»  a  contributing  cause,  but  not  a  necessary  one. 

6.  An  examination  of  the  Hilgard  method  for  tbe  reclamation  of  black 
ilkali  soils,  with  an  explanation  of  the  reactions  observed  and  of  the 
mportance  of  the  controlling  conditions  respecting  drainage  and  the 
iccnmulation  of  carbon  dioxid,  empirically  announced  by  Hilgard. 

T.  An  examination  of  the  reaction  between  calcium  sulphate  and  the 
c^bonates  of  ammonium.  The  use  of  gypsum  for  conserving  ammonia 
in  manure  piles  is  explained.  Some  errors,  with  the  reasons  therefor, 
which  may  accompany  the  use  of  ammonium  carbonate  in  analytical 
operations  involving  salts  of  the  alkaline  earths  are  pointed  out. 

^*  A  discussion  of  some  analytical  problems  in  a  chemical  examina- 
tiou  of  alkali  soils.    The  nature  of  the  problems  is  made  clear.    The 
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relative  merits  of  leaching  the  soils  and  taking  a  solation  iu  oodH 
with  the  soil  in  preparing  the  sample  are  discussed,  and  the  adw 
tages  in  favor  of  the  latter  procedure  indicated.  The  neceasity  of  ml 
ing  a  direct  estimation  of  each  constitaeut  is  demonstrated. 

9.  A  plea  for  the  rational  statement  of  analytical  data,  inasmuch  ai 
is  the  ions  which  are  determined  and  not  the  salts.  Farthermore,  ic 
the  ions  with  which  we  are  generally  concerned  in  the  study  of  i^ 
particular  problem. 

10.  A  field  method  for  the  estimation  of  sulphates,  chlorids,  and  ci 
bonates,  involving  three  titrations  which  may  all  be  made  on  the  saa 
sample  in  one  vessel.    Its  use  in  reconnoissance  work  is  described. 

11.  A  rapid  method  for  the  estimation  of  sodium  carbonate  in  U 
presence  of  the  bicarbonate,  depending  on  the  conversion  of  the  alb 
line  carbonate  to  the  neutral  acid  carbonate,  with  the  formation  of 
neutral  sulphate  by  the  addition  of  acid  potassium  sulphate.  The  usee 
the  method  in  the  laboratory  and  in  the  Held  is  described,  and  its  praH 
able  availability  for  technical  work  is  suggested.  The  objections  to  tt 
use  of  sulphuric  acid  in  determining  '^alkalinity"  are  made  evident,  i 

12.  Observations  on  the  hydrolysis  of  sodium  carbonate  and  &M^ 
silicate  and  the  inversion  of  sodium  bicarbonate  and  sodium  bisiliealj 
to  the  normal  salts  are  described  briefly.  I 

13.  A  discussion  on  the  formation  of  hardpan  and  similar  deposifl^ 
in  which  it  is  pointed  out  that  the  hydrolysis  of  the  salts  of  weak  mined 
acids  and  subsequent  desiccation  and  deposition  of  the  solution  proda(4i 
must  be  taken  into  account  in  any  hypothesis  as  to  their  genesis. 

14.  An  explanation  of  the  solution  and  hydrolysis  of  certain  mineral 
and  the  consequent  alkalinity  they  display. 

15.  Suggestions  for  the  study  of  the  functions  of  fertilizers,  in  whid 
the  importance  of  considering  the  solution  phenomena  which  theb 
presence  may  effect  in  the  ground  waters  is  made  evident 

16.  Some  observations  on  selective  absorption  and  other  physi<» 
chemical  phenomena  which  are  incidental  to  a  complete  study  ot  tlM 
properties  of  a  soil. 


IME  NECESSARY    MODIFICATIONS   IN   METHODS  OF 
MECHANICAL  ANALYSIS  AS  APPLIED 

TO  ALKALI  SOILS. 


By  LYMAN  J.   BRIGGS. 


INTRODFCTION. 

Ifany  alkali  soils  present  peculiarities  in  comixMition  which  do  not 
lit  the  use  of  the  ordinary  methods  of  determining  their  mechanical 

^position.  It  conseqaently  seems  desirable  to  call  attention  to  cer- 
modifications  in  the  methods  of  examination  which  have  been  found 

!fal  in  determining  the  mechanical  composition  of  samples  of  alkali 
collected  by  the  field  parties  of  this  division. 

The  following  points  will  be  considered : 

(1)  The  disintegration  of  the  soil  during  the  progress  of  the  analysis, 
[Ksulting  from  the  solvent  action  of  the  water  used  in  making  the 

mechanical  separation. 

(2)  A^pparatns  and  method  for  examining  soils  subject  to  excessive 
disintegration  daring  mechanical  analysis,  and  the  advantages  of  the 
eentrifngal  method  as  applied  to  all  soils. 

(3)  The  treatment  of  the  mechanical  separations  after  ignition  to 
eonvert  the  oxides  of  the  alkaline  earths  into  carbonates. 

(4)  The  determination  of  the  water-soluble  salt  content  of  soils  in 
coDoection  with  their  mechanical  analyses. 

IfECHANIGAL   ANALYSIS  OP  SOILS  SUBJECT   TO  EXCESSIVE 

DISINTEGRATION. 

Many  of  the  soils  of  regions  requiring  irrigation  contain  consider- 
able amounts  of  gypsum  (0aSO4+2H2O)  and  calcium  carbonate.  In 
many  cases  these  substances  will  be  found  cementing  together  a 
namber  of  soil  particles,  forming  an  aggregate  grain  of  considerable 
size.  These  soils  in  consequence  generally  have  a  somewhat  open 
structure,  similar  to  that  of  a  fine  sand,  through  which  water  moves 
rapidly. 

When  these  soils  are  placed  in  a  considerable  quantity  of  water,  as 
in  the  beaker  method  of  elutriation,  this  cementing  material  dissolves 
t»Qi&eiently  to  break  up  the  aggregate  and  release  the  smaller  particles, 
thus  materially  changing  the  nature  of  the  soil.    This  is  most  marked 
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in  the  case  of  the  gypsum  soils  on  account  of  the  greater  solability 
this  cement.  The  solubility  of  such  a  cement  is  considerably  inci 
by  the  presence  of  other  salts  in  solution  which  have  no  ion  in 
mon  with  those  of  the  cementing  material.  The  dissociated  salts 
with  the  calcium  sulphate  or  calcium  carbonate  in  solution  to  foi*ii],  tol 
greater  or  less  extent,  all  the  chemical  compounds  possible  throngii 
rearrangement  of  the  ions  of  the  original  substances.  As  a  coni 
quence,  more  of  the  cementing  material  goes  into  solution  and  thi 
reactions  continue  until  a  condition  of  equilibrium  has  been  rea€he4 
The  equilibrium  is,  of  course,  disturbed  by  the  addition  of  water  or  H 
changes  in  temperature.  A  more  detailed  statement  of  these  maat 
reactions  will  be  found  in  an  accompanying  paper  by  Dr.  F.  K 
Cameron. 

From  these  considerations  it  becomes  evident  that  neither  tfai 
Osborne  beaker  method  nor  the  elutriator  method  of  Hilgard,  botk 
of  which  require  large  amounts  of  water,  is  applicable  to  the  mechani- 
cal analysis  of  such  soils.  A  trial  of  the  beaker  method  on  a  gypsuv 
soil  from  New  Mexico  confirmed  these  cont^lusions,  fresh  amounts  «f 
*'clay"  being  liberated  alter  each  successive  addition  of  distilled  wateRf 
The  determinations  by  this  method  differed  widely,  the  amount  of  fioar 
material  increasing  with  the  time  employed  in  the  separations.  loi 
fact;  the  amount  of  ^'clay "  obtained  when  the  soil  was  allowed  to  standi 
in  contact  with  water  for  some  time  was  sufficient  to  indicate  a  soil  of  I 
close  structure,  permitting  water  to  pass  very  slowly,  instead  of  the 
open,  porous  structure  which  the  soil  was  known  to  possess. 

It  becomes  evident  that  in  order  to  get  an  analysis  which  would 
fairly  represent  field  conditions  it  is  necessary  to  make  the  analysis 
as  rapidly  as  possible  and  with  the  use  of  a  minimum  amount  of  water. 
For  this  purpose  the  centrifugal  method  has  been  used  with  satisfactory 
results.  The  small  amount  of  water  required  and  the  rapidity  with 
which  the  separations  can  be  eftected  tend  to  reduce  materially  the 
amount  of  gypsum  going  into  solution.  The  composition  of  the  gyp- 
sum  soil,  as  determined  by  this  method,  shows  a  much  smaller  quantity 
of  clay  and  a  proportionally  larger  amount  of  larger  particles.  This 
undoubtedly  represents  much  more  nearly  the  mechanical  composition 
of  the  soil  in  situ.  The  mechanical  composition  of  such  soils  must  be, 
at  best,  somewhat  indeterminate,  owing  to  the  fact  that  so  large  a 
percentage  of  the  soil  consists  of  water-soluble  material. 

THE  CENTRIFUGAL  METHOD. 

The  use  of  centrifugal  force  to  hasten  the  deposition  of  particles  in 
suspension  naturally  suggests  itself  as  a  means  of  shortening  the  tedioas 
process  of  making  separations  by  the  method  of  sedimentation.  Hop- 
kins^ appears  to  have  been  the  first  to  describe  this  method  in  detai/, 


'  ProceedingB  of  the  Fifteenth  Aunaal  Convention  of  the  Association  of  Official 
Agricnltural  Chemists,  Bulletin  G6,  Division  of  Chemistry,  U.  S.  Department  of 
Agriculture,  1898,  page  67. 
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iongh  the  device  had  heen  previoasly  ased  hy  several  soil  investi- 
ors.  The  method  has  been  foand  so  satisfactory  in  this  laboratory 
Bcconnt  of  its  quickness  and  convenience  and  its  applicability  to  all 
Is  that  it  is  believed  that  a  description  of  the  apparatus  and  the 
bhod  of  operation  will  prove  of  interest. 

lie  apparatus  necessary  for  waking  analyses  by  the  centrifugal 
thod  is  inexx>ensive  and  simple  in  construction.  The  i)rimary  requi- 
^  is  sooie  means  of  securing  the  necessarily  high  velocity  required  for 
owing  down  the  soil  particles  from  suspension.  An  electric  motor 
DOst  suitable  for  this  purpose  if  an  electric-lighting  current  is  avail- 
Le.  A  water  motor  can  be  used,  although  subject  to  annoying  ititer- 
itions  and  fluctuations  in  speed  unless  an  independent  water  supply 
\  be  obtained.  Some  form  of  centrifugal  apparatus  operated  by  hand 
1  be  employed  where  but  few  samples  are  to  be  analyzed,  although 
IS  method  will  be  found  to  lack  the  advantage  arising  from  an  appa- 
tns  operated  at  a  constant  speed,  such  as  may  be  obtained  by  the 
e  of  an  electric  motor. 

Ihe  centrifagal  apparatus  as  designed  by  the  writer  for  making: 
Mhanical  analyses  in  the  Division  of  Soils  is  illustrated  in  PI.  XX  VIII. 
ie  power  is  obtained  from  a  HoltzerCabot,  110-volt,  16-inch  fan  motor, 
ills  motor  uses  a  current  a  little  in  excess  of  that  required  for  an 
dinary  16-candlepower  lamp,  and  will  carry  4  centrifugal  tubes  of 
te  dimensions  described  without  serious  heating.  This  style  of  motor 
supplied  with  a  rheostat  in  its  base,  enabling  four  different  speeds 
»  be  obtained,  which  is  a  great  advantage  in  making  separations, 
esides  enabling  the  motor  to  be  gradually  brought  up  to  speed.  The 
tieostat  is  also  provided  with  an  open  contact  point  for  stopping  the 
lotor. 

The  fan  and  fan  guard  being  removed,  the  motor  is  firmly  screwed  to 
^  rigid  supporting  frame  with  its  armature  shaft  vertical.  A  second 
lollow  shaft,  milled  to  fit  the  armature  shaft,  is  slipped  over  the  latter 
ffld  fastened  by  a  set  screw.  To  the  lower  end  of  the  hollow  shaft  are 
astened  four  horizontal  arms,  each  being  about  8  cm.  long  and  consist- 
Qg  of  two  parallel  bars  of  5  mm.  square  brass,  4^  cm.  apart  A  brass 
^ng  5  mm.  thick  is  trnnnioned  between  each  pair  of  bars  at  their  free 
fndfi,  and  four  light  brass  rods  extend  downward  from  this  ring  to  a 
Mmilar  ring  15  cm.  below.  This  trnnnioned  system  swings  outward 
and  upward  in  the  well-known  way  when  the  motor  gathers  speed.  It  is 
iwportant  that  the  system  should  swing  freely,  and  care  should  be  taken 
that  the  trunnion  screws  are  sufficiently  massive  to  stand  the  strain  to 
which  they  are  subjected  at  high  velocities. 

^rge  heavy  test  tubes  (18  by  3  cm.)  serve  admirably  for  the  centrif- 
'igal  tabes.  The  aperture  in  the  upper  metal  ring  is  made  large  enough 
to  admit  the  test  tube  easily,  while  the  opening  in  the  lower  ring  is 
somewhat  smaller  and  provided  with  leather  or  cork  washers,  on  which 
ihe  test  tube  rests.    A  guard  consisting  of  a  screen  of  5  mm.  mesh 
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surrounds  the  movable  portion  of  the  apparatus  as  a  safeguard  ai;aid 
accidents.  To  protect  the  motor,  the  wires  leading  from  the  lighlfl 
current  should  contain  fuses  which  will  melt  for  currents  exceeding ' 
or  three  amperes. 

The  analyses  of  four  samples  may  readily  be  carried  ou  at  the 
time.    Ten  grams  constitute  a  suitable  sample  for  analysis  in  an  a| 
ratus  of  the  dimensions  described.    The  preliminary  preparation 
sists  in  agitating  the  sample  of  soil  with  about  200  cm.  of  water 
mechanical  shaker^  from  six  to  eight  hours,  or  until  the  surface  of 
larger  grains,  as  seen  under  the  microscope,  appear  to  be  clean  and 
from  clay  particles. 

A  portion  of  the  contents  of  each  shaker  bottle  is  transferred  to  its^ 
responding  centrifugal  tube.  The  apparatus  is  then  rotated  for  a  lei 
of  time  sufficient  to  throw  down  from  suspension  all  particles  larger 
those  which  it  is  desired  to  retain  in  the  finest  separation.  The  '^cl 
water  is  then  decanted  into  beakers  and  the  remainder  of  the  coni 
of  the  shaker  bottles  transferred  to  the  tubes,  the  heavier  material 
thrown  down  as  before.  An  important  feature  of  the  operation  now  < 
consideration.  In  making  additions  of  distilled  water  to  the  tube 
effect  further  separations  of  ^^clay,"  it  is  desirable  and  important 
this  water  should  be  forced  in  under  considerable  pressure.  This  foi 
the  most  satisfactory  and  convenient  means  of  getting  the  materiall 
the  bottom  of  the  tube  into  suspension  again,  being  far  superior  to 
agitation  with  a  stirring  rod  or  a  rubber  pestle,  since  it  avoids 
abrasion  and  the  necessity  of  washing  off  the  stirring  rod  each  tii 
It  will  be  found  that  thorough  stirring  of  the  material  in  the  bottom  i 
the  tube  by  the  jet  of  distilled  water  each  time  a  decantation  is  mi 
will  materially  shorten  the  time  and  diminish  the  amount  of  watlj 
required  for  an  analysis.  The  apparatus  lor  securing  this  pressure  wl 
be  referred  to  later. 

When  the  ^^clay"  has  all  been  separated,  as  determined  by  a  mieri 
scopic  examination,  using  a  micrometer,  the  tubes  should  be  rotate! 
for  a  shorter  time,  or  at  a  lower  rate  of  speed,  leaving  the  partidei 
constituting  the  next  separatitm  in  suspension.  The  water  containim 
these  particles  is  then  decanted  into  separate  beakers  and  the  prooeri 
repeated  until  the  separation  of  the  second  grade  is  effected. 

In  making  separations  of  particles  exceeding  0.01  mm.  in  diameto^ 
the  sedimentation  is  sufficiently  rapid  to  avoid  the  necessity  of  nsinf^ 
centrifugal  force.  The  distilled  water  is,  therefore^  added  by  means tl 
the  jet,  and  the  material  in  suspension  allowed  to  subside  for  a  soitiFi 
ble  length  of  time,  as  in  the  beaker  method.  Two  separations,  theetof 
(0.005  to  O.OOOI  mm.)  and  fine  silt  (0.01  to  0.005  mm.),  are  thus  midt 
by  the  use  of  centrifugal  force.  The  silt  (0.06  to  0.01  mm.),  is  separatrf' 
by  simj>le  subsidence.    The  material  remaining  in  the  tube  constitatv 
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» saods,  whicU  are  dried  and  separated  by  means  of  sieves  and  bolt- 
[  cloth. 

The  clay  water  does  not  nsnally  exceed  600  cc,  while  the  fine  silt 
d  silt  toj^ether  reqnire  about  500  cc.  If  these  two  last-name<l  separa- 
08  ore  allowed  to  stiind  for  a  day  or  more,  they  will,  of  eoiir»e,  settle 
tbe  bottom  of  the  beakers,  bat  the  water  in  wbieli  tbey  were  sas- 
niled  will  be  found  somewhat  tarbid,  indicating  the  presence  of  clay. 

I  matter  bow  carefully  tbe  separations  may  be  made,  this  turbidity 

II  nearly  always  occur,  indicating  a  alight  disintegration  of  these 
urations  into  finer  material.  This  tnrbid  water  may  be  added  to  the 
iter  containing  the  "clay"  in  suspension  if  desired,  although  one  will 
justified  in  combining  this  suspended  material  with  the  sediment 
■1  which  it  was  obtained.  This  latter  method  is  preferable  in  soils 
Btaining  large  amounts  of  soluble  material,  such  as  tbe  gypsnm  soils. 
If  desired,  tbe  silt  and  fine  silt  sediments  can  be  confined  to  very 
ikll  volumes  of  water  by  again  passing  thoiti  through  tbe  centrifugal 
paratus  at  a  high  velocity, 
dch  tbrows  down  all  sedi- 
mts,  leaving  the  clear  water 
lich  may  be  decanted.  This 
liment  may  then  be  washed 
th  a  small  quantity  of  water 
tosmall  platinum  evaporat- 
i;  dishes.    As  recommended 

Hopkins,  it  is  highly  desir- 
te  to  evaporate  the  whole  of 
eclay  water,  the  volume  be- 
I  so  small  as  to  permit  this 
■Dg  readily  done.  Porcelain  Fia.n^Appai 
ibes  are  suitable  for  evap-  aii»ij«j. 

■ting  the  liquid  to  a  small  volume,  when  it  may  be  transfei  red  to 
itinnm  dishes  for  ignition. 

In  figure  II  is  shown  the  device  employed  for  obtaining  a  jet  of 
■tilled  water  noder  pressure.  The  air-tight  reservoir  It  is  filled  by 
«]iing  the  valve  A  in  the  pipe  leading  from  the  distilled  water  tank, 
id  by  opening  the  vacuum  cock  Y.  After  filling,  V  and  A  are  closed 
•d  air  admitted  from  the  pressure  cock  P,  thus  submitting  the  water 

a  pressure  of  about  8  pounds  per  square  inch.  This  gives  a  jet  suf- 
Motly  strong  to  thorongbly  stir  np  the  sediment  in  the  bottom  of  the 
nthfagal  tubes,  which  through  centrifugal  action  is  pnclicd  so  tightly 

the  tube  as  to  permit  an  almost  complete  decantation  of  the  water. 
Tbe  folkiwing  mechanical  analyses  in  duplicate  serve  to  illustrate 
•e  accuracy  which  one  may  reasonably  expect  to  attain  in  legular  labo- 
■tory  determinations,  using  the  centrifugal  metboil.  These  analyses 
eremade  by  Mr.  E.  T.  A.  Burke,  of  this  laboratory. 
H.  Doo.  399 12 
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Mechanical  analyses  in  duplicate  hy  the  centrifugal  method. 


Diameter. 


MiUimtUrs, 
2.        to  1. 
1.        to  0. 6 
0.6     to    .25 
.25    to    .1 
.1     to    .06 
.05    to    .01 
.01    to    .005 
.005  to    .0001 


ConTOiitioii*!  Dame. 


Fine  gnTBl.... 
Coarse  aand  . . . 
Medium  aaod.. 

Fine  Hand 

Very  fine  sand. 

Silt 

Fine  silt 

ClAy 


Lossatnooc... 
LoM  on  ignition. 
Solable  salto  . . . . 


TotAl 


4333. 


a. 


0.11 

.  66 

7.78 

42.07 

27.04 

.85 

11.01 


1.03 

6.87 

.95 


0.09 

.62 

7.67 

41.95 

28.65 

.94 

iiiso 

iiroT 

6.80 
1.01 


09.87 


100.54 


4335. 


a. 


1.80 
.84 

1.26 

2.02 
18.35 
84.52 

4.64 
20.28 

"iTu" 

8.30 
1.68 


99.83 


1.26 
.88 

1.16 

2.40 
13  38 
35.49 

4.52 
28.37 

2.18 
8.16 
1.69 


99.49 


TREATMENT  OF  SEPARATIONS  AFTER  IGNITION. 

In  makiug  iDOchanical  analyses  it  is  customary  to  determine 
organic  matter  and  combined  water  by  igniting  to  redness  a  se] 
five-gram  sample,  which  has  previously  been  carefully  dried  at  100^^ 
llQo  O.    It  is  consequently  necessary  to  ignite  also  the  several  se] 
tions  of  the  mechanical  analysis  before  weighing  the  sample.    If  caldi 
or  magnesium  carbonates  are  present  they  are  partially  reduced  throi 
ignition  to  the  oxides  of  these  metals.    These  oxides  must  therefore 
converted  back  into  carbonates  before  making  the  final  weighing. 

The  method  commonly  employed  for  this  purpose,  and  the  one 
mended  by  the  Association  of  Official  Agricultural  Chemists,'  consists 
treating  the  ignited  separations  with  a  saturated  solution  of  ammonii 
carbonate  after  being  cooled.    The  reaction  may  be  expressed  thus: 

CaO+(NH4)20O3  X  0a0O3+2NH3+H,O 

The  separations  are  then  dried  and  afterwards  heated  to  dull  redness  in 
order  to  drive  off  the  ammonia,  water,  and  excess  of  ammonium  car 
bonates.  They  are  then  cooled  in  a  desiccator  and  weighed.  Such 
treatment  is  not  necessary  for  normal  sodium  or  i)otassium  carbonates, 
as  these  salts  are  stable  and  non-volatile  at  a  red  heat. 

This  method  answers  very  well  if  the  separations  contain  only  car- 
bonates. If,  however,  chlorids,  sulphates,  or  nitrates  are  present  two 
sources  of  error  occur. 

In  the  first  place,  these  salts  are  more  or  less  volatile  at  the  red  heat 
required  to  burn  off  all  the  organic  matter,  so  that  an  actual  loss  firom 
volatilization  will  occur  to  some  extent.  Unfortunately,  this  difficulty 
is  inherent  in  the  method  of  determining  organic  matter  by  loss  ou  com- 
bustion, which  is  the  most  satisfactory  method  available  in  connection 
with  mechanical  analyses. 


>  Methods  of  Analysis,  1898.    Bal.  No.  46,  Div.  of  Chemistry,  U.  S.  Dept.  of  Agr. 
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^^condlyj  if  chlorids,  nitrates,  or  sulphates  are  present  in  the  ignited 
iratioDS,  the  addition  of  ammoniam  carbonate  to  convert  the  oxides 
in  the  formation  of  the  ammoniam  salts  of  these  acids.  The 
laon  between  the  two  salts  is  similar  to  that  mentioned  when  speak- 
f  of  gypsam  in  the  presence  of  some  other  salt,  and  a  condition  of 
fuJlibrium  is  reached  in  exactly  the  same  way.  The  class  of  reactions 
be  represented  as  follows: 

(1)  CaS044-(NH4)»C03  $  0aCO3+(NH4)2SO4 

(2)  2NaCl4-{NH4)20O3 1;  Na80O3+2NH401 

(3)  2NaN03+(NH4)2CO,  $  Na20O3+2NH4NO3. 

ammoniam  salts  of  the  above-mentioned  acids  are  all  volatile 
iv'ill,  of  course,  be  driven  off  when  the  separation  is  heated  to 
love  the  excess  of  ammonium  carbonate.  The  error  from  this  scarce 
called  attention  to  some  time  ago  by  Hilgard  and  Jaffa.^  If  chlo- 
nitrates,  or  sulphates  are  present  in  considerable  quantities,  the 
ive  reactions  will  be  indicated  by  the  presence  of  the  characteristic 
white  fumes  of  the  corresponding  ammonium  salts,  which  are 
\y  given  off  at  comparatively  low  temperatures.  Ammonium  car- 
late  shows  no  fumes  on  vaporization. 
^^y  Baccessive  treatments  with  ammonium  carbonate  it  is  possible  to 
^ire  all  of  the  negative  or  acid  ions  in  this  vray,  the  positive  or 
dc  ions  with  which  they  were  originally  combined  remaining  as 
^natea.  The  fact  that  a  salt  non-volatile  at  low  temperatures  is 
Led  at  the  same  time  as  the  volatile  ammonium  salt  reduces  con- 
l&rably  the  loss  due  to  the  above  reaction,  owing  to  the  similarity 
the  reacting  weights  of  the  initial  and  residual  salts  as,  for  example, 
KaCl  and  i  l^'ajGOs.  The  change  in  reacting  weights  for  the  three 
cases  considered  is  given  below: 


•    Salt. 

Beacting 
weight. 

CaS04 

68 

50 

58.5 

53 

85 

53 

CaCOfe 

NeCI 

NftfCO. 

NaNOL 

Na.CO. 

This  may,  in  part,  account  for  the  failure  of  soil  analysts  in  general 
to  consider  this  imiK>rtant  source  of  error,  particularly  in  connection 
with  alkali  soils. 

As  pointed  out  by  Hilgard  and  Jafifa,'-this  loss  may  be  avoided  and 
the  oxides  converted  into  carbonates  by  treating  directly  with  carbonic 
acid  gas.  A  small  amount  of  water  is  added  to  the  ignited  soil  through 
which  carbonic  acid  irom  a  Kipp's  apparatus  is  allowed  to  pass  slowly  for 
one  or  two  hours.  The  separations  are  then  evaporated  to  dryness  and 
ignited  at  a  dull  red  heat.  The  separate  sample  employed  in  determin- 
ing the  organic  matter  must  also  be  subjected  to  the  same  treatment. 

^Frooeedlngfl  of  the  Society  for  the  Promotion  of  Agrionltural  Soienoe,  1888,  p.  40. 
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DBTBRMINATION  OF  WATEB-SOLUBLE  MATBBIAJL. 

A  determination  of  the  amount  of  water-soluble  salts  in  a  soil  ■ 
heretofore  seldom  been  made  in  connection  with  a  mechanical  analyi 
This  determination  is  of  so  much  importance  and  interest,  espeew 
in  connection  with  soils  requinng  irrigation,  that  it  is  now  perform 
in  this  laboratory  for  all  soils. 

Two  methods  are  available  for  this  determination :  First,  the  evi 
oration  to  dryness  of  an  aliquot  part  of  the  clear  solution  and  weigh! 
the  solute;  second,  the  determination  of  the  concentration  of  the  sol 
tion  through  its  electrical  conductivity,  computing  from  this  data  al 
the  volume  of  the  solution  the  amount  of  salt. 

The  greatest  difficulty  in  using  the  gravimetric  method  is  to  obti| 
the  solution  clear  and  free  from  suspended  or  colloidal  clay.  Thid 
best  effected  by  the  use  of  repeated  filtration  through  hardened  filtd 
This  process  is,  however,  very  laborious,  and  with  some  soils  it' 
almost  impossible  to  separate  the  clay,  while  with  other  soils  the  fk 
readily  flocculates,  either  subsiding  and  leaving  a  clear  sapematd 
liquid,  or  forming  aggregates  which  can  readily  be  removed  by  11 
filter.  In  most  cases  this  flocculation  appears  to  be  due  to  a  ratii^ 
large  amount  of  salts  in  solution.  Evaporation  to  dryness  will  sowii 
times  prevent  clay  from  becoming  suspended  when  water  is  aga 
added.  Ignition  will  nearly  always  accomplish  this,  but  at  the  expen 
of  a  portion  of  the  salt  content,  as  will  be  shown  later. 

The  electrical  method  of  determining  the  soluble  salt  content  h| 
the  important  advantage  of  not  requiring  any  filtration  of  the  solntioi 
the  presence  of  the  suspended  clay  having  no  appreciable  inflneiM 
upon  the  conductivity.  The  determination  is  consequently  very  rapli 
consisting  simply  in  measuring  the  specific  resistance  of  the  solnt^ 
and  noting  its  temperature  and  volume.  The  resistance  of  the  solutM 
is  conveniently  determined  with  the  apparatus  previously  described  fi 
the  writer.^ 

The  transformation  of  the  observed  electrical  resistance  of  the  soh 
tion  into  terms  of  solution  concentration  may  be  performed  by  one  i 
the  three  following  methods: 

(1)  The  approximate  composition  of  the  salts  in  an  area  throughoi 
which  the  composition  (not  the  amount  or  concentration)  may  be  faif^ 
assumed  to  be  uniform  is  determined  by  chemical  analysis.  An  aqaeoi 
solution  of  these  salts  of  known  concentration  is  then  prepared,  tk 
salts  being  present  in  the  solution  in  the  proportions  previously  foam 
by  the  analysis.  From  this  standard  solution  other  solutions  of  regi 
larly  diminishing  concentration  are  prepared  and  the  electrical  resist 
ance  of  each  determined  in  the  electrolytic  cell  to  be  used  in  subat 
quent  measurements.    From  these  data  a  resistance-concentration  cam 

>  Electrical  Xnstrnments  for  Determining  the  Moisture,  Temperatare,  and  SolaU 
Salt  Content  of  Soils,  Bulletin  No.  15,  Division  of  Soils,  U.  S.  Department  of  Api 
culture,  1899. 
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ibeconstracted,  from  which  the  coDcentratiou  of  auy  unknown  soil 
m  that  area  can  at  once  be  determined  if  its  electrical  resistance  is 
own.  The  original  solation  must  exceed  in  concentration  any  of  the 
ations  of  unknown  concentration,  while  all  solutions  must  be  reduced 
ft  common  temperature.  This  reduction  is  very  simple,  a  table  for 
8  purpose  being  given  in  Bulletin  No.  7  of  this  division. 
the  weight  of  the  soil  used  and  the  volume  of  the  solution  being 
dwn,  the  amount  of  the  soluble  salts  in  any  sample  can  be  expressed 
a  percentage  of  the  dry  weight  of  the  soil.  As  far  as  accuracy  is 
loerned,  this  method  is  practically  as  reliable  as  a  direct  determina- 
II  by  the  gravimetric  method.  On  account  of  the  time  required  for 
^necessary  chemical  analysis  this  method  is  not  well  adapted  to  a 
lerminatiou  of  the  salt  content  of  a  small  number  of  samples  unless 
ihemical  analysis  of  the  water-soluble  material  has  been  made  for 
ler  purposes. 

;2)  The  second  method  of  determining  the  soluble  salt  content  cen- 
ts in  making  a  concentrated  solution  from  a  soil  crust  or  a  soil  highly 
irged  with  salts.  A  portion  of  this  solution  is  evaporated  to  dry- 
u,  in  order  to  determine  the  concentration,  while  from  the  remaining 
rtion  a  series  of  solutions  of  decreasing  concentration  is  formed,  the 
Bstance  of  each  solution  being  determined  as  before  and  the  resist- 
ee-concentration  curve  prepared.  This  method  requires  much  less 
diminary  work  than  the  first,  and  is  just  as  accurate,  having  a  gravi- 
ytric  basis.  A  quantitative  knowledge  of  the  composition  of  the  sol- 
la  material  in  this  case  is  not  obtained. 

[3)  If  the  sample  is  an  isolated  one,  or  if  the  number  of  samples  from 
y  locality  is  so  small  that  it  is  not  desired  to  prepare  a  resistance- 
Dcentration  curve,  a  very  fair  approximation  to  the  salt  content  can 
I  obtained  by  using  a  resistance-concentration  curve  for  some  single 
It,  such  as  sodium  chlorid.  For  dilute  solutions,  all  of  the  more 
I'ongly  dissociating  salts,  such  as  chlorids,  nitrates,  and  sulphates,  are 
Bctically  ionized  to  the  same  extent.  Aside  from  the  slight  differ- 
tees  in  the  migration  velocities  of  the  ions,  which  in  this  case  may  be 
fleeted,  these  strongly  dissociating  salts  in  dilute  solution  have 
3M;tically  identical  concentration-resistance  curves,  if  we  use  ionic 
^Qcentration  in  place  of  the  conventional  mass  of  the  solute,  or,  in 
her  words,  if  we  express  the  concentration  in  gram-molecules  instead 
in  percentage  of  solute  by  weight  in  the  solution.  Therefore,  it  is 
racticable  to  use  this  common  concentration-resistance  curve  (the  con- 
ntration  being  expressed  in  gram-molecules)  to  determine  the  salt 
mtent  of  dilute  soil  solutions.  To  convert  this  determination  into 
tarns  of  solute  per  liter,  it  is  simply  necessary  to  multiply  it  by  the 
^ting  weight  of  the  salt  in  the  terms  of  which  it  is  desired  to  express 
lie  concentration.  The  per  cent  of  salt  as  determined  by  this  method 
^  consequently  vary  somewhat,  depending  upon  the  reacting  weight 
f  the  salt  chosen  as  a  basis  of  computation.    For  example,  if  the 
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Bolate  was  compated  as  sodiain  ohlorid  the  &etor  ased  would  be 
while  for  sodiam  sulphate  (a  bivalent  salt)  the  factor  would  be  I 
or  71. 

Using  a  conoentration-Eesistance  curve  compated  on  a  gram-mo] 
basis,  we  can  thns  compnte  the  salt  content  in  terms  of  any  salt  d 
If  it  is  preferred  to  express  all  results  in  terms  of  some  single  salt  or  j 
combination  of  salts,  a  resistance-concentration  curve  can  be  pre] 
directly  as  in  the  first  two  methods,  the  concentration  being  exp 
in  terms  of  the  mass  of  solute. 

In  the  salt  determinations  made  in  this  laboratory  in  connection 
the  mechanical  analyses  no  effort  has  been  made  to  maintain  a  eo 
relation  between  the  amount  of  soil  and  the  volume  of  the  solvent. 
volume  of  the  water  necessary  in  separating  the  clay  (about  600 
is  so  large  in  comparison  with  the  amount  of  salt  in  a  lO-gram  sanij 
of  soil  that  a  considerable  variation  in  the  volume  of  the  solvent  wi 
have  but  little  influence  upon  the  amount  of  salts  in  solution,  excep 
in  the  case  of  slightly  soluble  salts.  Since  these  salts  under  soil  eoa 
ditions  exert  but  little  influence  upon  the  plant,  so  far  as  their  concea 
tratiou  is  concerned,  the  procedure  outlined  appears  justifiable. 

The  '<clay"  water  is  generally  found  to  contain  the  principal  portioi 
of  the  soluble  matter,  which  is  determined  and  subtracted  from  thi 
weight  of  the  combined  clay  and  salt  separation  to  give  the  amount  e 
clay.  The  presence  of  any  appreciable  amount  of  salt  in  the  ^^fiw 
silt"  or  <<  silt"  waters  is  easily  determined  by  the  instrument;  andi 
can  be  neglected,  combined  with  the  clay  water,  or  determined  am 
subtracted  from  the  <<fine  silt"  or  ^^silt"  determinations  as  the  caa 
demands. 

The  following  table  gives  the  salt  content  of  three  alkali  soils  detei 
mined  by  three  different  methods.  These  soils  were  selected  to  shoi 
wide  variations  in  their  soluble  salt  content.  The  determinations  wen 
made  by  Mr.  W.  G.  Smith  of  this  laboratory. 

Salt  content. 


CatAlogue  Ko. 

1. 

PeremU. 
L60 
6.40 
3 

t.        *. 

4115. 

Pereemt.'P9rtni 
1.08          t.i 

4110. 

4.tt             i' 

4131. 

2.70            li 

A  v^ns^  T 

3.33 

2. 81  >          1<1 

The  first  column  of  the  table  gives  the  catalogue  number  of  the  soili 
investigated.  Column  1  gives  the  per  cent  of  salt  found  by  the  eke* 
trical  method  after  two  grams  had  been  left  to  stand  for  six  days  ia 
contact  with  600  cc.  of  water.  The  salt  is  expressed  as  the  perceutag> 
of  the  dry  weight  of  the  soil.  Column  2  gives  the  per  cent  of  salt  fooad 
after  evaporating  the  solutions  used  in  Ko.  1  to  dryness,  igniting,  dila^ 
ing  to  600  00*9  and  allowing  them  to  stand  for  six  days.    Uolomn  3  giv<i 
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6  salt  coutent  determined  gravimetrically  by  evaporating  to  dryness 
je  clear  solation  ased  for  the  determination  given  in  column  2.  No 
fficnlty  is  exi>erienced  in  obtaining  a  clear  solution  from  any  ignited 
il^  the  clay  Beldom  showing  any  tendency  to  remain  in  susx)eDsion 
feer  ignition. 

The  results  of  the  table  show  that  the  determination  of  the  salt  con- 
PDit  after  ignition  is  not  advisable,  a  considerable  portion  of  the  soluble 
Atter  either  being  driven  off  during  ignition  or  else  converted  into  an 
isolnble  form/  The  results  of  columns  2  and  3  show  a  satisfactory 
ireement  between  the  electrical  aud  gravimetric  determinations,  con- 
Hering  that  the  concentration-resistance  curve  used  in  converting  the 
tBetrical  determinations  was  one  prepared  for  a  series  of  soils,  of  which 
^  three  samples  selected  formed  but  a  small  proi>ortion.  The  salt 
Iterminations  in  th^  two  duplicate  analyses  given  on  page  178  serve  to 
lostrate  farther  the  accuracy  of  the  electrical  method. 


SALTS  AS  INFLUENCING  THE  RATE  OF  EVAPORATB 

OF  WATER  FROM  SOILS. 


By   LYMAN  J.   BRIGGS. 


INTRODUCTION. 

The  physical  properties  of  water  which  influence  the  rate  of  o^ 
ration  from  a  soil  surface  are  surface  tension,  viscosity,  and  vi 
pressure.    Since  these  factors  are  all  modified  to  a  greater  or  less  di 
by  the  addition  of  different  quantities  of  salts,  it  is  of  interest  to  coiisidi 
the  influence  of  various  salts  in  solution  upon  the  evaporation  of  wati 
from  soils. 

The  surface  tension  of  an  aqueous  solution  of  a  salt  is  higher  thi 
that  of  the  solvent.    It  appears  fiom  the  work  of  Borsey'  upon  diiul 
solutions  and  of  Sentis^  upon  solutions  greater  than  one-half  uorm) 
that  the  surface  tension  is  a  linear  function  of  the  concentration.    ThJ 
may  be  represented  by 

in  which  T^  is  the  surface  tension  of  a  solution  containing  c  gram  equip 
alents  per  liter,  T^  the  surface  tension  of  water  at  that  temperatnrei 
and  iT  a  constant  varying  with  different  salts.  For  sodium  chlorid  thitf 
constant  K  may  be  taken  as  1.5  dynes,  and  for  sodium  carbonate  as  3 
dynes  per  square  centimeter.  Since  the  surface  tension  of  pure  watar 
is  about  73  dynes  per  square  centimeter  at  18^  C,  a  difference  of  one' 
gram  equivalent  in  the  concentrations  of  two  portions  of  the  soil  solation 
would  cause  an  increase  in  the  surface  tension  of  2  per  cent  for  sodium 
'^hlorid  and  2.6  per  cent  for  sodium  carbonate. 

The  writer^  has  previously  pointed  out  that  the  capillary  movement 
of  water  in  soils  is  due  to  the  pressure  of  the  peculiar  capillary  surface 
formed  by  the  water  in  the  capillary  space  about  the  point  of  contact 

^Physical  Review,  5,  p.  228,  1897. 
« Jour,  de  Phys.  (3),  6,  p.  183,  1897. 

3  The  Mecbftnics  of  Soil  Moistare,  Bulletin  No.  10,  Diyifiion  of  Soila,  U.  S.  Depart- 
ment of  Agriculture,  1897. 
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soil  grains.     The  pressure  of  sacb  a  sorface  may  be  repre- 
by 

licli  P  is  tbe  pressure,  T  the  surface  tension,  and  Vx  and  r,  tbe  two 

[jial  radii  of  carvatare.    Since  T  is  involved  only  as  a  linear  fane- 

a  small  change  in  T  can  only  produce  a  proportional  change  in  P. 

[nenUy  the  small  changes  in  T,  which  amount  to  only  2  per  cent 

extreme  variations  considered,  can  practically  be  neglected  as 

with  the  much  greater  variations  in  the  value  of  r.    In  other 

the  salts  in  solution  play  a  minor  part  as  compared  with  the 

iture  of  tbe  water  surfiEbces  in  determining  the  capillary  movement 

kter  ill  soils. 

toe  tbe  viscosity  of  a  Holution  increases  with  the  concentration, 
ipresence  of  large  amounts  of  soluble  salts  would  retard  to  some 
mi  the  movement  of  water  in  the  soil,  and  so  lessen  the  rate  of 
iratiou  by  limiting  the  movement  toward  the  surface.    Arrhenius 
rfound  that  tbe  relation  between  viscosity  and  concentration  for  a 
number  of  solutions  can  be  expressed  by  the  equation: 

wMch  ;/n  is  the  specific  viscosity  of  a  normal  solution  referred  to  the 
nt  at  tbe  same  temperature  and  n  the  number  of  gram-molecules 
the  Bolntioii  under  consideration.  For  example,  a  normal  solution 
Bo^um  cblorid  has  a  specific  viscosity  of  1.097,  or  about  10  per  cent 
than  water.  The  specific  viscosity  of  a  two-normal  solution 
dbe  1.20  and  a  half-normal  1.04.  Since  a  saturated  solution  of 
m  chlorid  at  ordinary  temperatures  contains  approximately  five 
-molecules  i>er  liter,  the  specific  viscosity  under  such  conditions 
d  be  1.59.  In  alkali  soils,  therefore,  where  the  salts  are  present 
li  excess,  the  increased  viscosity  of  the  solution  would  decrease  the  rate 
^fmoveinent  of  water  to  a  considerable  extent.  It  should  be  noted  in 
lUfteonnection  that  the  effect  of  increased  concentration  is  to  increase 
tte  BorBEMse  tension,  and  thus  increase  the  rate  of  movement.  The  two 
^totft,  consequently,  oppose  each  other,  and  the  resultant  change  in 
tbe  rate  of  movement  of  water  due  to  change  in  concentration  is  much 
^  than  if  either  factor  existed  alone. 

^^Uy,  the  vapor  pressure  of  a  salt  solution  decreases  with  increase 
^  concentratiou.  The  vapor  pressure  of  a  normal  sodium  sulphate  solu- 
tion at  lOOo  O.  is  25  millimeters  less  than  tbe  pressure  of  water  vapor 
%itit,\iat  temperature.  The  variation  in  vapor  pressure  from  that  of  the 
solvent  at  other  temperatures  baa  not  been  determined  fbr  this  salt^ 
^^^  approximate  values  can  be  ascertained  by  comparison  with  the 
approximate  normal  solution  of  potassium  hydrate,  for  which  the  vai)or 
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teusion  at  yarioas  temperatures  has  been  determiuedJ  In  the  follo^ 
mg  table  the  first  column  gives  the  temperature,  the  second  and  tld^ 
columns  give  the  vapor  pressure  of  the  solution  and  of  the  water  at  4 
temperature  considered,  while  the  fourth  column  gives  the  temp^^tvi 
to  which  it  would  be  necessary  to  cool  pure  water  in  order  to  make  M 
vapor  pressure  equal  to  that  of  the  potassium  hydrate  solution : 


Tern- 
pontare 

Vapor  preMiire. 

Tempera- 
ture of 
water  for 

16. 6  per 

cent 

Water. 

equal 

(y>c. 

KOH. 

vap.  pr. 

10 

8.01 

9.14 

o 
8.1 

16 

11.85 

13.51 

13.0 

20 

15.25 

17.36 

17.9 

25 

20.67 

23.62 

22.8 

30 

27.74 

31.51 

27.8 

84 

34.84 

30.62 

81.8 

It  will  be  seen  from  the  table  that  the  evaporation  from  a  normal 
salt  solution  at  30^  0.  into  vapor  free  space  is  the  same  as  with  pure 
water  at  27.8^.  A  certain  conservation  of  the  moisture  would  conse- 
quently follow.  However,  even  with  a  normal  solution  this  is  not  very 
marked  and  could  only  have  an  important  effect  in  case  the  soil  mois- 
ture is  saturated  with  the  salt.  A  saturated  solution  of  sodium  car- 
bonate would  correspond  in  rate  of  evaporation  to  a  lowering  of 
temperature  of  about  10^  C,  assuming  the  evaporation  to  be  taking 
place  in  a  vacuum. 

There  is  another  factor  which  probably  exerts  more  influence  upon 
the  rate  of  the  evaporation  of  water  than  any  of  the  factors  mentioned, 
namely,  the  physical  condition  of  the  surface  of  the  soil.    Hilgard  has 
l>ointed  out  that  some  of  the  so-called  alkali  salts,  especially  sodium 
carbonate,  exert  a  marked  influence  upon  the  physical  character  of  the 
soil.    Buffum^  calls  attention  to  this  fact  and  also  states  that  alkali 
soils  may  appear  damp  when  adjoining  lands  seem  dry.    To  explain 
this  phenomenon  he  conducted  experiments  on  soils  which  had  beeo 
moistened  with  solutions  of  salts.   Thesalts  used  were  sodium  carbonate, 
sodium  chlorid,  sodium  sulphate,  and  magnesium  sulphate  in  solutions 
varying  in  concentration  from  0.1  per  cent  to  9  per  cent    The  general 
results  of  the  experiments  show  that  the  amount  of  water  lost  from  the 
pots  containing  9  per  cent  solutions  (which  is  equivalent  to  2.2  per 
cent  alkali,  in  a  soil  containing  25  per  cent  of  the  solution)  was 
approximately  one-half  as  much  as  that  from  soils  containing  the  same 
I>ercentage  of  pure  water.    The  effect  of  the  presence  of  soluble  salts 
in  the  soil  on  the  evaporation,  in  Buffiim's  experiments,  was  so  maeb 

>  Landolt  aud  Bornstein,  ''Phys.  Chfiii.  Tab./'  S.  68. 
*Bttlletm  No.  39,  Wyoming  Experiment  Station,  p.  55,  1888. 
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peater  than  would  be  expoistod  ^nm  the  theoretical  considerations 
pvm  in  tiie  first  part  of  this  paper  that  the  writer  was  led  to  believe 
fhat  this  difference  was  due  to  a  change  in  the  surface  conditions  of  the 
loil  from  the  accumnlation  of  salts  rather  than  from  the  presence  of 
be  salts  in  solntion.  In  other  words,  either  the  formation  of  a  mulch 
or  the  crusting  of  the  soil  at  the  surface  had  taken  place,  preventing 
evaporation  to  some  extent.  To  test  the  validity  of  this  opinion  the 
following  exi>eriments  were  planned: 

(1)  The  evaporation  of  water  from  soils  spread  out  in  thin  layers  in 
large  trays,  one  sample  being  moistened  with  distilled  water  and  the 
other  with  a  salt  solution.  The  soils  in  both  trays  to  be  stirred  from 
time  to  time  in  order  to  prevent  any  x)os8ible  crusting  of  the  soil.  This 
▼cold  indicate  whether  the  abnormal  lessening  of  the  evaporation 
observed  by  Buffum  was  due  to  a  surface  condition. 

(2)  The  relative  rate  of  evaporation  in  open  dishes  of  pure  water 
ud  solutions  of  the  concentration  used  in  experiment  (1),  as  a  check 
upon  the  conditions  observed  daring  that  experiment 

(3)  Evaporation  from  the  surface  of  soils  packed  in  tall,  narrow 
cylinders  and  moistened  with  pure  water  and  salt  solutions,  as  a  repeti- 
tion of  Bafiiim's  exx)eriments.  This  arrangement  would  serve  to 
accentuate  the  efifect  of  the  crusting  of  the  surface. 

The  soU  used  in  all  the  experiments  was  from  James  Island,  South 
Carolina,  being  the  soil  ui)on  which  the  Sea  Island  cotton  is  grown.  The 
texture  is  shown  in  the  accompanying  mechanical  analysis,  made  by 
Mr.  W.  G.  Smith,  of  this  laboratory : 


Diameter. 


MUUmeUrt. 
2        toO.l 
1        to  .5 
.5     to  .25 
.26  to  .1 
.1     to   .05 
.05  to  .01 
.01   to  .005 
.005to  .0001 


ConventioDal  Dame. 


Fine  gravel.... 
Coarse  sand ... 
Medium  sand.. 

Fine  sand 

Very  fineaand. 

Silt 

FinesUt 

Clay 


LoMfltllOoC... 
Loss  on  ignition 


80. 
Jauios  Ih- 
land,  S.  C. 


Per  eehL 

0.00 

.37 

0.01 

70.15 

2.50 

.55 

4.23 

4.80 


.83 
1.85 


I 

\ 
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Experiment  1. — ^To  test  the  influence  of  the  salt  content  of  the  soil 
iil»oii  the  rate  of  evaporation  of  water  from  the  soil,  two  samples  of  soil 
containing  200  grams  each  were  moistened,  respectively,  with  40  grams 
^^  pure  water  and  normal  sodium  chlorid  solution.  These  soils  were 
spread  out  in  two  shallow  photographic  trays  of  the  same  size,  meas- 
^^g  approximately  8  by  10  inches.  The  soil  containing  the  salt  solu- 
tion vas  frequently  stirred,  in  order  to  prevent  the  possible  formation 
^  a  OTuat  at  the  surface.    The  soil  in  the  other  tray  was  also  stirred  at 
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tbe  same  time,  in  order  to  treat  the  two  soils  as  nearly  alike  as  possible 
The  results  of  tbe  experiment  are  given  in  tbe  following  table,  anc 
shown  graphically  by  the  accompanying  carve  (fig.  12): 

Evaporation  from  soil  exposed  in  1ray$y  moiaiened  with  water  and  normal  XaCl  soJmGo^ 


Time 
(miD- 
uten). 

Wat«r  oTaporateil 
(crams). 

Water. 

NaClsv 
luUon. 

0 

50 

90 
130 
100 
285^ 
296 

0 

11.5 
20.0 
29.0 
32.3 
30.2 
39.6 

0 
10 
18.8 
20 
28.5 
82.1 
35.5 

As  it  was  not  possible  to  keep  tbe  conditions  of  evaporation  constant 
the  time  intervals  serve  only  as  an  indication  of  tbe  rate  at  which  the 

40 

30 

T26 
g  ZO 

I 

^  10 
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Time— hovin. 
Fio.  12.— Diagram  showing  evaporation  from  soil  in  trays,  moistened  with  water  and  NaCl  •olatioa. 

evaporation  was  taking  place.  Tbe  drying  was  carried  on  in  a  rooi 
at  a  temperature  of  aboat  25^  C,  tbe  air  above  the  trays  being  ke] 
constantly  in  motion  by  means  of  a  fan,  and  the  trays  being  fireqaeotl. 
interchanged  to  prevent  an  error  due  to  their  position. 

It  is  seen  in  the  table  that  the  rate  of  evaporation  was  about  10 
cent  greater  from  the  soil  moistened  with  distilled  water.  It  should 
remembered  that  the  concentration  of  the  solution  in  the  soil  oontaioi 
the  salt  constantly  increases  as  the  evaporation  goes  on,  and  on  thi4[ 
account  the  evaporation  should  gradually  decrease.  The  actual  coneen* 
tration  of  the  solution  in  the  soil  is  a  matter  of  more  or  less  conjectarOi 
since  tbe  measurements  of  the  electrical  conductivity  of  a  soil  mou- 
tened  with  salt  solution  indicate  that  an  appreciable  amount  of  the  salt 
originally  added  in  the  form  of  solution  does  not  remain  in  solationin 
the  presence  of  the  soil  grains.  The  conductivity  of  a  Bolntionis  st 
least  very  materially  lowered  by  tbe  addition  of  the  aoili  indicating  tiii^' 
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rsfcal  absorption  has  taken  place  and  that  part  of  the  ions  of  the 
li  are  no  longer  free  to  move. 

hperifnent2. — ^Todetermine  whether  the  difference  in  the  evaporation 
erved  in  Experiment  1  was  more  than  conld  be  accounted  for  by  the 
'erence  in  the  physical  properties  of  the  salt  solution  and  pure  water, 
ezi)eriment  was  conducted  to  determine  the  difference  in  the  rate  of 
evaporation  of  the  two  solutions.  One  hundred  grams  of  distilled 
ter  and  of  a  normal  solution  of  sodium  chlorid  were  placed  in  two 
tri  dishes  3|  inches  in  diameter  and  five-eighths  of  an  inch  deep. 
Me  dishes  were  so  placed  as  to  be  subjected  to  the  same  conditions, 
longh  no  attempt  was  made  to  keep  these  conditions  constant.  The 
e  of  evaporation  is  shown  in  the  accompanying  table: 

Table  of  evaporation  from  Petri  dUhea 


Di8tlIIe<l 

NaCl  aolii. 

Time. 

water,  toUl 

tion,  toUl 

loes. 

loss. 

Houn. 

Oramt. 

QravM, 

1 

.9 

.9 

4 

2 

2 

23 

12.8 

11.8 

27 

15.3 

14.3 

30 

18.8 

17.1 

4BA 

85.3 

32.8 

63 

41 

37.7 

95 

83.5 

58.1 

121  i 
143* 

74.8 

66.8 

82.8 

73.3 

Prom  this  table  it  will  be  seen  that  the  relative  rate  of  evaporation 
the  distilled  water  and  the  salt  solution  was  not  sensibly  different 
len  freely  exposed  in 
aporating  dishes  than 
len  mixed  with  the  soil. 
Dm  this  we  are  justified 
ooncluding  that  the 
aporation  of  water  from 
e  salt  solution  is  not 
ioessarily  modified  to 
ly  appreciable  extent  by 
^ving  this  solution  in  con- 
ct  with  the  soil  grains. 
I  other  wordSy  the  eyap- 
ttion  of  the  water  from 
toil  would  be  modified 
•ly  by  the  presence  of 
»lnble  salts  so  far  as  these 
riable  salts  would  infln- 
loe  the  evaporation  of  a 
>lQtiou  of  similar  conceu- 
»tion  when  freely  ex- 
<»ed  to  the  aur.  This 
[OQld  not  amount,  as  we  have  seen,  even  in  the  case  of  normal  solu- 
ions,  to  more  than  10  per  cent.  This  is  far  from  sufficient  to  explain 
^  great  difference  noted  by  Buffum. 
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Fio.  13.— Diagram  showing  evaporation  from  Petri  dlehea, 

distilled  water,  and  normal  sodium  chlorid  nolation. 
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Experiment  3. — It  remained  to  test  the  opinion  of  the  writer 
the  resalts  obtained  by  BnfEhm  were  due  to  the  formation  of  the 
at  the  snrface  of  the  soil.    Accordingly  two  cylinders  2   inches 
diameter  and  11  inches  high,  holding  800  grams  of  soil,  were 
with  samples  of  soil  moistened  with  20  per  cent  of  distUled  water 
with  normal  sodinm  chlorid,  respectively. 

To  supplement  these,  a  third  cylinder  of  the  same  dimensions 
filled  with  a  soil  containing  20  per  cent  of  distilled  water  to 
one-eighth  of  an  inch  from  the  top  of  the  cylinder.  The  re; 
one-eighth  inch  was  filled  with  pulverized  sodium  chlorid.  These  cytti 
ders  were  kept  under  similar  conditions  and  the  loss  of  moistoy 
determined  by  weighiug  them  from  time  to  time.  The  results  are  gini 
in  tbe  accompanying  table: 

Table  of  evajwratiou  from  cyJinder§  of  8oU  containing  gO  per  cent  disHUed  water,  SO  m 

cent  nonual  NaCl,  and  NaCl  on  eurface,  1 


Distilled 

Normal 

NaCl 
solution, 
total  loss. 

NaCl  on 

Time. 

water, 

sarfare. 

total  loss. 

total  loss. 

Houn. 

Orama. 

Oramf, 

Oravu. 

17 
24 
65 

6 

9 

19 

0.5 
3.5 
9 

6 

120 

27 

13 

10.5 

148 

32 

15.5 

13.5 

170 

38.5 

18 

15 

197 

46 

21 

17.5 

222 

53 

24.5 

21.5 

245 

60 

27.5 

*J4 

288 

70 

80.7 

28.3 

337 

81.5 

35.5 

33.5 

\ 


The  rate  of  evaporation  of  water  in  the  three  tubes  is  more  ch 
shown  in  the  accompanying  diagram.    The  irregularity  of  the  ci 
is  due  to  the  fact  that  uniform  conditions  of  evaporation  could 
be  maintained.    It  will  be  noticed,  however,  that  these  irregularil 
appear  in  all  curves,  showing  that  the  tubes  were  similarly  influenc 

From  these  curves  it  is  evident  that  the  rate  of  evaporation  from  tM 
soil  containing  distilled  water  was  about  twice  that  from  the  sol 
moistened  with  the  normal  salt  solution,  confirming  in  a  general  wi^ 
Buffum's  experiment.  Consequently,  we  are  justified  in  conclodinl 
that  for  this  salt  the  marked  diminution  in  evaporation  is  due  mainlyi 
to  surface  conditions. 

A  peculiar  condition  was  noticed  in  connection  with  the  soil  xnldA 
was  moistened  with  the  salt  solution.  During  the  evaporation  of  tiii 
water  the  salt  crystallized  just  beneath  the  surface  of  the  soil,  leavinfi 
it  in  a  very  loose  and  porous  condition;  in  fact,  after  the  evaporatiot 
had  proceeded  some  time,  tbe  surface  of  the  soil  in  this  tube  was  raisei 
one- half  inch  or  more  above  the  mouth  of  the  tube,  due  to  the  fonm- 
tion  of  minute  crystals  of  the  salt  interspersed  among  the  soil  grwA 
This  tends  to  confirm  the  idea  that  the  decreased  evaporation  in  at 
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kali  soil  is  dae  to  the  formation  of  a  nataral  mulcb^  throagh  the 
fstallization  of  the  soluble  salts  at  the  surface,  which  so  loosens  the 
rface  as  to  decrease  the  evaporation  materially. 
In  the  tube  in  which  the  soil  was  covered  with  a  layer  of  pulverized 
it  no  loosening  of  the  surface  was  noticed,  but  the  salt  seemed  to 
rm  a  solid  incrustation  over  the  surface  of  the  soil,  reducing  the 
aporation.  The  equality  in  the  slope  of  the  two  salt  curves  is  impor- 
Dt  in  showing  that  the  influence  of  the  concentration  on  viscosity 
d  surface  tension  need  not  be  considered  in  this  case. 


SODIUM  SULPHATE  AND  SODIUM  CABBONATB. 

In  order  to  determine  whether  the  conclusions  drawn  from  the 
periments  with  sodi- 
D  chlorid  applied  to  all 
the  more  abundant 
ftlkali  ^  salts,  exx)eri- 
mts  similar  to  those 
Bt  described  were  made 
ith  sodium  sulphate  and 
dinm  carbonate  by  Mr. 
.  IT.  Lapham,  of  this 
boratory. 

Experiment  1. — T  his 
u  conducted  practically 
le  same  as  described  in 
le  corresponding  experi- 
ent  with  sodium  chlorid, 
teept  that  the  determi- 
itious  for  each  salt  were 
ade  in  duplicate.  Four 
M>gram  samples  were 
qx>sed  in  trays,  two  be- 
ig  moistened  with  40 
rams  of  water,  and  the 
tbers  with  40  grams  of 

normal  solution  of  the 
dt  under  investigation.    The  results  given  in  the  following  table  are 

mean  of  the  duplicate  determinations.  These  are  also  expressed 
raphically  in  figures  15  and  16.  It  will  be  noticed  that  at  first 
lie  salt  has  little  influence  upon  the  rate  of  evaporation  of  the  water 
fom  the  surface  of  the  soil.  As  the  concentration  increases  and  the 
oil  becomes  drier  the  influence  of  the  salt  is  more  marked.  In  this 
xperiment  the  greatest  diminution  in  the  rate  of  evaporation  produced 
7  the  sodium  sulphate  does  not  exceed  10  per  cent.  The  experiment 
rith  sodium  carbonate  (figure  16)  gave  practically  the  same  results. 


Z40  ao  900  390   S60 


Time— -hours. 
FiQ.  14.— Diagram  showing  evaporation  from  cylinders  mois- 
tened with  distilled  water  and  sodium  chlorid  solution. 
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TatU  of  trttpttralion  of  iUtilltd  waler  and  normal  Xa,$04  from  tail  in  irmrfm. 


D<.t<11ed 

KoimBl 

Time. 

-;&." 

Hturi, 

O™™. 

Oranu. 

i. 

S.» 

^ 

22.  IS 

JHW 

4^ 

/    , 

/ 

i 

/  ' 

i  „l 

-     2- 

1 

-     ^. 

> 

•8 

4V 

1 

/  i 

^4        - 

n 

_2 

I 

L 

,    J. 

t 

V    " 



Fia.  IS.— DUigmn  showing  eviporntlon  from  wll  In 
Ir*T*  molitoneil  with  dlsillled  iriur  uid  todtam  aal- 
plialc  (olulion. 


SODIUM   BULPHATE   ASD   SODIUM   CARBONATE.  193 

rajKvaMM  af  tUMHUd  wal«r  Md  turrMal  S«^CO,  tolHlfoM  /ram  toil  t»  (ray*. 
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nme— honn. 
Fia.  16.— IHai;niu  RhowlDg  CTapoiBtioD  Croiu  aoll  in  !»;■ 
IDOittADId  irltb  dlitllled  walcr  awl  uurmHl  Hxltuiii  car- 

ExperimeHt  2  A. — These  experimeats  were  conducted  for  the  purpose 
of  determining  the  relative  rate  of  evaporation  from  the  anrfacee  of 
pore  water  and  salt  solntions  under  ordinary  atmospheric  conditious 
of  temperature,  pressure,  and  humidity.  The  water  and  the  salt  sola- 
tioQS  were  exposed  iu  Petri  dishes  of  the  siime  diameter  and  depth. 
H.  Doc  3«9 13 
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The  air  above  the  dishes  was  kept  gently  moving  by  means  of  an  dd 
trie  fan,  and  all  precautions  to  obtain  uniform  conditions  were  observe 
The  results  of  the  experiments  are  given  in  the  following  table  ai 
shown  graphically  in  fig.  17 : 

Table  of  evaporation  of  dietilled  water  and  normal  Xa^SOi  and  Xa^C(h  eoluiions  fn 

Petri  dishes. 


DiBtUled 

NormRl 

Kormal 

Time. 

water,  total 
loss. 

Na^4,to- 
tidloss. 

Na.C0»  to- 
tal loss. 

Huurs. 

Grams. 

Orams. 

Chrams. 

1 

1.10 

1.05 

1.10 

2 

2.20 

2.10 

2.20 

3 

3.45 

3.20 

3.80 

4 

4.45 

4.30 

4.40 

5 

5.15 

5.00 

5.10 

6 

6.00 

6.80 

5.80 

7 

6.75 

6.50 

6.60 

8 

7.50 

7.30 

7.30 

9 

8.40 

8.20 

8.20 

10 

9.40 

9.10 

9.20 

11 

10.35 

10.00 

10.10 

12 

11.25 

10.80 

10.90 

18 

12.80 

11.80 

11.85 

14 

18.35 

12.80 

12.80 

15 

14.15 

18.60 

13.70 

16 

15.10 

14.50 

14.60 

17 

15.90 

15.20 

15.80 

18 

16.75 

16.00 

16.20 

19 

17.60 

10.90 

17.00 

20 

18.15 

17.40 

17.50 

21 

18.80 

18.00 

18.20 

22 

19.50 

18.80 

18.90 

33 

20.25 

19.40 

19.50 

24 

21.05 

20.20 

20.80 

25 

21.60 

20.70 

20.90 

26 

22.40 

21.40 

21.60 

27 

22.95 

22.00 

22.20 

28 

23.50 

22.50 

22.70 

29 

24.10 

23.00 

23.20 

30 

24.65 

23.50 

28.70 

31 

25.25 

SS4.00 

24.80 

82 

25.95 

34.60 

24.90 

V    88 

28.50 

25.10 

25.50 

84 

27.10 

25.60 

25.90 

The  evaporation  curves  for  the  solutions  are  displaced  to  .the  rigfal 
to  avoid  confusion.     The  concentration  beginning  with  normal  sola- 
tion  increases  with  evaporation  until  a  saturated  solution  of  sodinm 
sulphate  is  obtained.    The  three  solutions,  however,  show  very  little 
difference.    The  sodium  carbonate  solution  evaporated  a  little  more 
rapidly  than  the  other,  probably  due  to  the  fact  that  it  does  not  dis- 
sociate so  strongly  as  sodium  sulphate,  and  hence  has  a  higher  vapor 
pressure.    Neither  of  these  solutions  show  anything  like  the  dimination 
in  the  rate  of  evaporation  which  we  should  expect  from  theoretical  con- 
siderations of  the  lowering  of  the  vapor  pressure  due  to  the  concentra- 
tion.   Consequently,  we  are  led  to  conclude  that  the  rate  of  the  diffn- 
sion  of  the  water  vapor  under  ordinary  conditions  is  the  controlling 
factor,  and  that  the  concentration  of  the  solution  would  play  the  more 
important  part  only  when  the  surface  of  the  solution  is  oontinoally 
being  supplied  with  vapor-free  air. 

Uxperiment  2  B. — In  order  to  substantiate  more  completely  the  con- 
clusion that  the  evaporation  from  reservoir  or  soil  is  not  diminished  by 
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be  presence  of  salt  in  solution  to  the  extent  which  consideration  of  tlie 

hreriu^  of  the  vapor  pressure  w^oald  lead  us  to  assume,  a  deteruiioa- 

ion  was  made  of  the  relative  rate  of  evaporation  of  water  and  of  satu- 

Ked  solutions  of  the  three  f  -      —         . 

sposed  in  Petri  dishes  as 

efore,  while  the  surfaces 

[  the  liquids   were  con- 

tantly  swept  by  a  strong 

last  of  air  from  an  elec- 

ric  buzz  Ian.   The  blast  of    . 

it  was  safficientl;  strong   | 

B  prod  nee  pronounced   ^ 

j^ples  OD  the  surfaces  of  | 
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the  solatioDS   somewhat  | 
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piierefore,  the  conditions 
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diminution  of  evaporation  under  the  given  conditions  of  temperature  and 
pressure.    The  results  are  shown  in  the  following  table  and  curve,  fig.  18 : 


Ti™. 

WtAllSe.!^ 

total  loiu. 

NtaSO*. 
toloJloH. 

S&.. 

Bom. 

1 

Bramt. 

Cnm*. 

Oram*. 

4.  a 

7,5 

I' 

wi 

,»■* 

0.2 

19.1 

lfl.4        1        1B.S 

These  resalts  show  a  maximum  diminution  in  the  rate  of  evaporation 
of  about  14  per  cent.  The  average  temperature  of  the  laboratory  was 
19^  C,  while  the  average  relative  humidity  was  4.'*  per  cent.  An  aver- 
se of  15  grams  of  water  was  evaporated  from  each  dish  during  six 
boDTs.  Since  the  diameter  of  the  dish  was  about  S.4  cm.,  this  would 
wrreapond  to  an  evaporation  of  1.1  cm.  per  square  centimeter  of  sur- 
*"»  or  0.44  inch  per  square  inch  during  tweutyfonr  hours.  The 
hntoidity  and  rate  of  evaporation  are  consequently  such  as  to  make 

the  resalts  of  this  ezpetimeiit  applicable  to  arid  couditious. 
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Eaperim^Ht  3. — This  experiment  vas  coodacted  ^milar  to  that  ft^ 
Bodiom  chlorid.    Three  cyliuders  were  filled  with  soit  moistened  -will 
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20  per  cent  by  weii^bt  of  distilled  water  and  normal  solations  of  sodiom 
solhpate  and  sodinm  carbonate,  respectivel;.  In  a  fonrth  cylindeir  the 
soil  was  moistened  with  distilled  water  and  mnlcbed  with  a  layer  of 
sodiom  sulphate  one-ei^htb  inch  thick.  The  reaolts  are  shown  in  the 
accompanying  table  and  curves,  fig.  Id: 


Total  li>« 

Total  \M, 

ToUUIcH 

rocoj  io» 

1:1 

B. 

i.2 

3«.3 

47,1 

M.8 

V 


V 


•       •,      • 


f^^o^p^-^^^^  Cylinders. 
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rMch 


70 


66 


60 


55 


50 


^5 


These  experiments  also  corroborate  those  ol  Bii£ftuD^  the  evaporation 
lom  the  cylinders  containing  salt  being  only  from  50  per  cent  to  60  per 
mt  of  that  from  the  cylinder  moistened  with  distilled  water.    This 
iminntion  in  evaporation  is,  as  we  have  seen,  much  greater  than  can 
e  explained  through  the  physical  properties  of  solutions  of  these 
|lt£i.    Conseqaently  this  must  be  due  to  the  formation  of  a  mulch  on 
|te  surfiftce  of  the  soil,  resulting  from  the  crystaUization  of  the  salt  on 
jraporation.     This  is  well  exemplified  in  Plate  XXI X,  which  repre- 
Lts  the  condition  of  the  tubes  at  the  close  of  the  experiment.    The 
white  ef&orescence  on  the  surace  of  the  sodium  sulphate  soil  is  very 
rked.     The   accumula-      ^^ 
ID  of  salt  in  the  sodium 
nate    tobe  is   much 
marked,  on  account  of 
remarkable  degree  to 
this  salt  is  absorbed 
the  soil  and  kept  from 
ulating  at  the  sur- 
The  crystallizingout 
the  soil  at  the  surface 
take  place  to  some  T 
t,  but  the  white  crys- 1  ^ 
are  masked  by  the  ae-  § 
unpanying  organic  mat-  • 
which  this  salt  brings  | 
into  solution.    The  result-  ^ 
«it  dark  color  of  the  sur- 
ace, which  so  characterizes 
|lie  presence  of  this  salt 
^n  aikaU  soils,  was  very 
marked  in  the  sodium  car- 
^uatetubeduring  the  first 
part  of  the  experiment. 
Tliia  is  shown  to  some  ex- 
tent in  Plate  XXIX.    The 
tttbecontainiugthesodium 
8Q]phate  as  a  mulch  does 
^ot  differ  materially  in  its  rate  of  evaporation  from  the  tubes  containing 
the  solutions,  showing  that  the  conditions  within  the  soil  are  secondary 
to  STttface  conditions  in  alkali  soils. 

Sodium  carbonate  does  not  form  at  the  surface  the  loose,  fluffy  mix- 
W^  of  soil  grains  and  salt  crystals  so  characteristic  of  sodium  sul- 
phate and  sodium  chlorid,  but  tends  rather  to  the  formation  of  a  crust 
^mcli  is  lUQj^  Qj.  1^8s  broken  and  tilted  by  the  subsequent  crystalliza- 
tJou  beneath.  This  action,  of  course,  depends  upon  the  texture  of  the 
^^  and  in  field  conditions  this  would  be  influenced  by  the  presence  of 
other  salts. 
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Fio.  19.— Diagram  showing  evaporation  from  cylinders  of 
soil  moistened  witli  distilled  water  and  with  normal  so- 
dium carbonate  and  sodium  sulphate  solutions. 
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CONCLUSIONS. 

From  the  results  given  in  the  paper  the  following  couclasions 
be  drawn : 

(1 )  Salts  influence  the  evaporation  of  water  from  the  siirface  of  a 
by  changing  the  surface  tension,  the  viscosity  and  the  vapor  pressures 
the  system,  and  the  physical  character  of  the  soil,  particularly  at 
surface. 

(2)  The  surface  tension  and  viscosity  influence  the  rate  of  evapoi 
tion  only  through  the  modification  of  the  rate  of  capillary  movemei 
Both  surface  tension  and  viscosity  increase  with  increase  in  concern 
tion.    An  increase  in  surface  tension  increases  the  rate  of  c&pilh 
movement,  while  increase  in  viscosity  diminishes  it.    These  two  facCoi 
consequently,  oppose  one  another.  i 

(3)  The  rate  of  capillary  movement  within  a  soil  is  of  secondaijl 
importance  to  the  physical  character  of  the  surface,  as  modified  by  ttm 
presence  of  crystallized  salts. 

(4)  The  relative  rate  of  evaporation  from  a  soil  moistened  with  por^ 
water  and  salt  solution,  respectively,  is  the  same  as  for  the  water  an4 
solution  without  the  soil,  providing  no  surface  mulch  is  formed. 

(5)  The  rate  of  evaporation  gradually  decreases  with  increase  in  coiH 
centration.  ; 

(6)  The  diminution  of  evaporation  with  increasing  concentration  is! 
much  less  than  the  corresponding  diminution  in  vapor  pressure.    Thia^ 
is  due  to  the  fact  that  the  atmosphere  is  never  vapor- firee  and  that  the 
diffusion  of  water  vapor  is  retarded  by  the  surrounding  air. 

(7)  The  diminution  of  evaporation  of  soils  containing  solutions  of 
<^  alkali"  salts  is  much  greater  than  can  be  accounted  for  through  tba  ' 
influence  of  the  lower  vapor  pressure,  and  is  due  to  the  formation  of  a 
mulch  at  the  surface  of  the  soil  through  the  crystallization  of  the  salts,  . 
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aJSNJXRAlM  PH7SI0Ii0O7   OF   THE  TOBACCO  PltAXTT. 
THE  FACTORS   OF   DEVELOPMBNT. 

The  interest  connected  with  the  tobacco  plant  is  not  only  of  an  a^ri- 
caltoral  and  commercial  natare '  but  is  also  to  a  considerable  degree 
of  a  physiological  and  chemical  character.    First  of  all  the  minuteness 
of  the  seed  strikes  us  as  jieculiar  when  compared  with  the  large  plant 
developed  in  but   ninety  days  rivaling   in    extent  of  leaf  surface 
most  other  cultivated  plants  of  equal  age.    This  rapid  development 
requires  a  steady  and  full  nutrition,  if  the  leaves  are  to  become  of  the 
desired  size  and  quality.    In  order  to  accomplish  this  result  the  roots 
most  be  able  to  grow  and  extend  with  corresponding  rapidity,  requir- 
ing for  this  purpose  not  only  a  loose  humus  or  a  fine  sandy  soil  to  the 
depth  of  several  feet,  but  also  the  presence  of  all  necessary  mineral 
nutrients  in  most  easily  assimilable  form.    The  soil  must,  on  the  one 
liand,  admit  air  freely  to  the  finest  rootlets  to  satisfy  the  wants  of 
T^piration  and,  on  the  other  hand,  it  must  be  of  such  quality  as  not  to 
part  with  its  moisture  too  easily  in  a  period  of  dry  weather.    The  nature 
of  the  subsoil  is  also  of  great  importance,  since  when  it  is  imperme- 
able the  stagnant  water  is  just  as  detrimental  to  the  roots  as  too  great 
Joss  of  water  on  account  of  excessive  permeability  of  the  soil.- 

The  abnormal  physiological  condition  created  by  the  mutilating 
(topping  and  suckering)  of  the  plant  in  order  to  obtain  suitable  leaves 
for  the  requirement  of  the  tobacco  manufacturer  is  also  of  interest. 
Further  iM>ints  of  consideration  are  the  production  of  the  enzyms  neces- 
^ry for  the  processes  of  curing  and  sweating  and,  finally,  the  production 


'The  animal  total  tobacco  production  of  the  globe  is  e8timat>ed  by  Darmstudter  to 
1»  nearly  1,000,000,000  kilograms. 

^For  fall  information  on  tobacco  soils  see  Bulletin  No.  11,  Division  of  Soils, 
Tobacco  Soils  of  the  United  States,  1898,  by  Milton  Whitney.  A  tropical  temperature 
niight  favor  the  development  of  the  rool;  in  humus  soil  to  such  an  extent  that  rela- 
tively less  of  mineral  nutrient  for  the  unit  of  soil  will  suffice  for  a  normal  plant 
<leTelopment.  The  fact  that  some  tobacco  soils  of  Sumatra  contain  less  of  nutrients 
than  tobacco  soils  iu  northern  countries  and  still  produce  excellent  crops  is  thus 
explained  by  A.  Mayer. 
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of  nicotine.  All  these  points  are  of  particular  interest.  Unless  all  the 
conditions  necessary  for  the  normal  development  of  the  plant  are  united 
various  dangers  menace  the  crop;  and  there  may  even  be  the  develop- 
ment of  a  singular  disease  which  annually  causes  immense  damage, 
namely,  the  mosaic  disease. 

Among  the  various  tobacco  soils  of  Connecticut  there  are  some  that 
are  better  suited  for  broad  leaf  than  for  Havana  seed  as,  for  example^ 
the  soil  at  East  Hartford,  Conn.,  where  the  culture  of  the  latter  had  to 
be  given  up,  the  fine  cinnamon-brown  color  not  having  been  attained 
on  this  kind  of  soil. 

The  weather  also  constitutes  one  of  the  most  important  fEMstors  as  to 
the  quality  of  the  tobacco.  Too  moist  as  well  as  too  dry  years  are 
injurious;  the  latter,  however,  more  so  than  the  former,  since  the  leaves 
remain  smaller  and  grow  thick  and  become  relatively  too  heavy;  and, 
furthermore,  show  insufficient  elasticity  and  frequently  bum  pooriy. 
In  too  moist  years  the  leaves  remain  weak,  are  attacked  easily  by 
fungi  and,  moreover,  the  aroma  of  the  tobacco  is  injured.  In  rainy 
weather,  esx)ecially  when  the  temperature  is  rather  low,  the  amount  of 
acid  in  the  leaves  is  also  increased  and  this  may  exert  a  detrimental 
efifect  on  the  oxidizing  enzyms  in  the  curing  process  when  the  tobacco 
is  harvested  in  such  a  condition.  The  oxidizing  enzyms  are  the  pro- 
moters of  all  desirable  changes  in  the  curing  and  the  sweating  process. 
Variable  weather  is  the  best.  Van  Bemmelen  ^  says  that  the  weather 
in  Sumatra  is  generally  more  favorable  than  in  Java  where  fre- 
quently extremes  are  observed.  In  Deli,  Sumatra,  occasional  rains 
occur  even  during  the  dry  monsoon.  After  twenty  days  of  dry  weather 
a  rain  is  much  desired  there  for  tobacco.  Forty  days  of  dry  weather 
are  considered  very  injurious.  The  short  showers  falling  through  the 
period  of  tobacco  growing  are  considered  so  important  that  a  continu- 
ous record  is  kept  on  many  tobacco  plantations.  It  is  principally  the 
great  rapidity  of  development  that  causes  the  fineness  of  the  ribs  and 
veins  and  the  elasticity,  making  the  tobacco  leaves  from  Sumatra 
unsurpassed  as  wrappers.^ 

On  warm  bright  days  not  only  is  much  more  carbon  assimilated-^that 
is,  more  starch,  the  mother  substance  of  all  the  other  organic  constitu- 
ents of  the  plants,  is  formed,  but  also  the  respiration  is  increased  by 
the  high  temperature,  although  not  to  such  an  extent  as  to  consume 
all  the  starch  increased  by  the  bright  light.  All  processes  of  metabo- 
lism are  thus  promoted  by  warm  and  bright  days,  undesirable  by- 
products may  be  destroyed  and  favorable  products  formed.  How 
difl'erences  of  temi>erature  influence  the  intensity  of  the  respiration 
process  may  be  seen  from  the  following  data.  While  Behrens  observed, 
for  100  grams  fresh  tobacco  leaf  at  21°  0.  (69.8o  P.),  a  production  of 
0.254  grams  of  carbonic  acid  in  ten  hours,  B^herain  and  Moissan  oh- 


'Landw.  Vers.  Stat.,  vol.  37,  p.  385. 

^  RexH>rt  No.  G2,  U.  S.  Department  of  Agriculture.     M.  L.  Floyd. 


served  lu  the  same  length  of  time  as  much  as  1^25  grams  at  40<^  O. 
(107.60  F.)— that  is,  more  than  five  times  as  much.' 

Soil,  climate,  rich  and  uniform  manuring,  careful  curing  and  proper 
fermentiug  must  be  combined  in  order  to  yield  a  commercial  product  of 
BUperior  quality.  The  value  of  tobacco  depends  probably  more  largely 
upon  its  quality  than  is  the  case  with  any  other  farm  product 

The  tobacco  seed  seems  somewhat  neglected  by  nature,  since  the 
amount  of  reserve  material  to  support  the  young  plant  in  its  first  stage 
is  exceedingly  minute.  It  takes  21  seeds  to  weigh  1  milligram ;  conse- 
quently the  initial  growth  is  but  slow  and  much  in  disproportion  to  the 
later  energetic  development,  the  tobacco  after  being  planted  in  the 
field  often  reaching  its  full  development  in  forty-five  days  in  Florida. 
The  reserve  material  of  the  endosperm  of  the  seed  consists,  according 
to  Harz,  essentially  of  fat  and  protein  matter,  and  is,  like  the  0.6  mm. 
long  embryo,  devoid  of  starch.  The  young  delicate  plant  soon  con- 
somes  this  small  amount  of  reserve  material  and  is  forced  t«  prepare 
its  own  organic  matter  in  a  much  earlier  stage  than  is  for  instance  a 
ooni,  barley,  or  bean  plant.  Unusual  care  is  required  in  the  seed  bed, 
which  if  too  moist  will  favor  fungous  diseases  among  the  young  plants. 
A  moderately  dry  soil,  occasionally  sprinkled,  is  preferable. 

Much  has  been  written  about  the  proper  manuring  of  the  tobacco 
field.  General  exi)erience  indicates  that  barnyard  manure  is  here 
superior  to  all  other  fertilizers.  An  addition,  however,  of  some  super- 
phosphate of  lime,  and  carbonate  or  silicate'  of  potash  (5  parts  per 
1,000  of  barnyard  manure),  and  Chile  saltpeter  (not  over  15  parts  per 
1,000  of  the  barnyard  manure)  the  last  mentioned  to  be  applied  in  the 
spring  and  the  other  materials  in  the  autumn,  is  recommended  by  some. 
The  advantage  of  the  barnyard  manure  consists  in  loosening  the  soil, 
increasing  its  absorptive  power  by  formation  of  humus  and  yielding 
ap  its  insoluble  nourishing  compounds  gradually  in  a  soluble  condition. 
It  makes,  in  short,  a  uniform  nutrition  of  the  plant  during  the  entire 
season  more  easily  xK>ssible  than  a  mere  mixture  of  mineral  fertilizers 
can  do.^  The  tobacco  thus  grown  is  of  the  best  quality  and  least  sub- 
ject to  the  mosaic  disease. 

• 

^SaDdleaves,  which  are  generally  poorer  in  lespiratiou  material,  produced  only 
0i68  grains  at  42^"  C. 

*  Sulphate  and  chlorid  are  to  he  avoided. 

'Of  other  materials  that  have  heen  applied  with  great  advantage  ehonld  he  men- 
tioned  cotton-seed  meal  and  castor  pomace  with  cotton-hnll  ashes.  The  amount  of 
fertilizers  applied  per  acre  of  a  tohacco  field  varies  fh>m200  pounds  to  a  ton.  Nitrog. 
eoous  mannree  applied  in  very  large  quantities  increase  the  percentage  of  nicotine 
&Dd  protein  and  also,  naturally,  the  total  yield,  hut  the  quality  may  he  injured. 
Thick  ribs  and  a  poor  burn  have  been  observed  in  such  cases. 

Behrens  (Landw.  Vers.  Stat.  52,  242)  calls  attention  to  the  fact  that  the  increase 
of  easily  soluble  salts  in  the  soil,  as  is  the  case  when  merely  mineral  manures  are 
Applied,  leada  to  the  formation  of  thicker  leaves.  This  modified  anatomical  struc- 
ture also  caused  by  very  dry  seasons,  decreases  the  amount  of  trauHpiration  from 
theleavra.  Such  thick  leaves  require  a  longer  time  to  cure,  and  thus  the  danger  of 
pole  burn  and  other  fungous  diseaHeH  is  increased. 
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A  Havana  seed  plant,  after  topping  and  suckering,  is  generally  Ml 
to  develop  about  15  leaves,  while  the  Oonnectieat  seed  leaf  is  allowei 
to  develop  but  13,  the  latter,  however,  being  larger  than  the  former^. 
Of  one  Havana  seed  plant  with  15  leaves,  10  leaves  were  found  by  the 
writer  to  average  44  cm.  in  length  and  20  cm.  in  width,  while  the  I 
largest  leaves  averaged  52  cm.  in  length  and  24  cm.  in  width.  CM 
another  field  the  length  and  width  of  all  17  leaves  of  one  plant  wers 
measured  and  the  average  taken.  The  average  was — length,  45  em.; 
width,  28  cm.  An  unusually  large  Havana  leaf  measured  75  cm.  in 
length  and  39  cm;  in  width.  The  proportion  between  the  length  and 
width  of  full-grown  leaves  varies  considerably  even  on  the  same  Held* 

Two  ripe  leaves  of  medium  size  each  measuring  44  cm.  in  length  and 
24.1  and  25.5  cm.,  respectively,  in  width,  weighed  6.55  and  8.40  grams, 
respectively,  in  the  dried  state.  In  order  to  determine  the  weight  for 
1  square  meter  100  square  centimeters  were  cut  from  different  leaves, 
partly  avoiding  the  midrib  and  partly  taking  it  in.  The  fresh  weight 
varied  between  3.01  and  4.12  grams,  averaging  3.5  grams  in  the  fresh 
and  0.595  grams  in  the  dry  state.  This  would  give  for  1  square  meter 
59.5  or  about  60  grams.  It  nearly  agrees  with  the  result  obtained  by 
H.  J.  Patterson,  who  found  for  Maryland  tobaccos  the  maximum  aver- 
age dry  weight  to  be  65.5  grauis.  According  to  Bebrens  the  weight  of 
Sumatra  tobac(50  leaves  varies  between  52  and  90  grams  per  square 
meter.'^  Since  the  quantity  of  starch  differs  very  much  in  leaves  cut 
in  the  morning  and  those  cut  in  the  evening,  considerable  difference  in 
weight  should  not  surprise  us.  The  figures  given  above  refer  to  starch- 
free  leaves. 

EEMARKS  ON  THE  CONTENTS  OP  THE  TOBACCO  LEAF. 

The  epidermis  of  the  tobacco  leaf  develops  partly  into  uoncapitate 
hairs  and  two  kinds  (long  and  short  ones)  of  capitate  gland  hairs.  The 
apical  cells  of  the  gland  hairs  contain  chlorophyll  granules  when  young 
and  generally  in  each  cell  a  radiary  group  of  calcium  oxalate  crystals. 
Later  on  the  gland  hairs  contain  resin  and  other  matters,  and  a  dilute 
alcoholic  iodine  solution  stains  the  contents  a  deep  brown.  Thedissolved 
albumin  content  in  the  plant  juice  varies  considerably  with  the  age  of 
the  leaf.  The  lower  or  sand  leaves  contain,  on  becoming  yellow,  but 
very  little  or  no  soluble  albumin,  while  the  full-grown  green  leaves  on 
the  same  plant  are  rich  in  it.  This  is  to  be  expected,  since  only  the 
normally  green  chlorophyll  bodies  can  x)ro<luce  sufficient  sugar  to  make 
protein  production  considerable.  The  ''ripe  "leaves,  however,  are  richest 
in  soluble  albumin.     It  may  also  be  mentioned  that  tobacco  attacked 


'  In  Deli,  Sumatra,  22  leaves  are  left  when  the  tobacco  ifl  on  good  soil,  but  on  poor 
soil  only  14  leaves  are  left.  The  leaves  in  Sumatra  reach  42-46  cm.  in  length  and 
from  31-38  cm.  in  width.     (Van  Hemmelen.) 

"These  numbers  vary  very  much  from  the  numbers  given  by  Barth  (Landw.  Ver. 
Stat.,  vol.  39,  p.  92)  who  stntes  that  drie<l  coarse  leaves  may  weigh  per  square 
meter  200  grams  and  more.     There  may  be  an  error  in  his  calculations. 
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qr  the  mosaic  disease  contains  much  less  soluble  albouiin  than  normal 
eaves,  for  an  equal  snrfiice.  The  latter  ^ve  a  juice  which,  upon  being 
leated,  forms  a  large  amount  of  flocculent  coagulum;  the  former,  how- 
)yer,  hardly  more  than  a  turbidity.  This  is  not  surprising,  since  the 
dilorophyll  bodies  are  affected  in  the  mosaic  disease  and  hence  can  not 
hrniBh  a  sufficient  amount  of  sugar  for  an  abundant  protein  formation. 
Ibe  fat  content  varies  considerably,  the  amount  being — other  things 
being  equal — ^probably  influenced  by  the  weather,  since  low  tempera- 
ture will  retard  growth  and  respiration  more  than  it  does  assimilation ; 
hence  some  sugar  that  would  otherwise  have  been  consumed  by  respi- 
Tatioii  may  be  transformed  into  fat,  if  the  conditions  for  protein  forma- 
tion are  not  all  fulfilled  at  that  time.  The  sugar  is  the  material  from 
which  not  only  the  cellulose,  starch,  fat,  and  protein,  but  also  the  wax, 
tannin,  and  resin  of  the  leaves  are  produced. 

The  most  interest,  of  course,  is  attached  to  the  formation  of  nicotine, 
which  alkaloid,  according  to  Pinner,  has  to  be  considered  as  pyridyl-N- 
methyl-pyrrolidiiie.  It  is  probably  formed  from  decomi)osition  products 
of  proteins  and  plays  no  further  physiological  role  in  the  plant.  The 
malic  acid  of  the  leaf  may  also  participate  in  the  synthesis  of  nicotine, 
since  nicotinic  acid  can  easily  be  reached  by  transformations  of  malic 
add.  The  object  of  the  nicotine  production  in  the  wild  plant  is  possi- 
bly to  keep  off  depredating  enemies  among  the  insects,  but  the  amount 
of  this  poison  in  young  plants  cultivated  in  our  climate  is  too  small  to 
kill  the  insects  feeding  on  the  leaves.'  Even  the  ripe  leaves,  richest  in 
Diootine,  are  attacked  with  impunity  by  certain  caterpillars,  grasshop- 
pers, and  the  "  suck  fly,"  a  heteropterous  insect  (Dicyphus  minimus). 
The  nicotine,  according  to  Wizsntan-Jjeyden,  is  contained  especially  in 
the  cells  underneath  the  hairs.'^  Adolf  Mayer  found  that  the  veins 
contain  much  less  nicotine  than  the  lamina. 

The  fresh  leaves  contain  relatively  but  little  wax,  resin,  lecitliin, 
tannin,  and  calcium  oxalate,  the  latter  occurring  as  a  sandy  crystal- 
line deposit,  especially  in  mesophyll  cells.  The  oxalic  acid,  as  well  as 
the  citric  and  malic  acids  of  the  leaves,  is  probably  an  oxidation  prod- 
act  of  sugar.^  A  part  of  these  acids  occurs  in  tlie  form  of  a  neutral, 
another  part  as  acid  salts.^    The  cell  sap,  therefore,  shows  an  acid 

'  The  amoant  of  nicotine  formed  dependa  largely  upon  climate  and  weather  (cf.  A. 
Mayer,  Landw.  Vera.  Stat.  vol.  38,  453  [1891]). 

'SUdd.  Apoth.  Zeitg.,  1898. 

^According  to  Kissling  the  amount  of  oxalic  acid  varies  in  commercial  tobaccos 
between  0.96  and  3.72  per  cent  of  the  dry  matter;  that  of  citric  acid  between  0.55 
and  8.73;  that  of  malio  acid  (in  form  of  neutral  and  also  acid  salts)  between  3.49 
and  10  per  cent.     (Chem.-Zeitnng,  1899,  No.  1.) 

'*Behrens  (Landw.  Vers.  Stat.  vol.  52)  found  from  5.79  to  9.79  per  cent  malic 
acid  in  form  of  soluble  salts  in  the  tobacco  leaf  (dry  matter)  and  infers  that  it  is 
the  hygroscopic  quality  of  these  salts  that  keeps  the  leaves  from  drying  up  too 
easily,  which  thus  preserve  a  certain  softness  and  elasticity.  The  more  malic  salts 
are  present  the  more  ''life"  is  in  the  finished  tobacco  leaf.  Stored  under  equal  con- 
ditions, leaves  rich  in  malic  salts  may  contain  3  per  cent  more  water  than  leaves 
poor  in  them. 
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reaction.  It  seems  of  special  interest  to  determine  here  the  degree  m 
acidity,  since  the  amount  of  enzyms  of  importance  in  the  caring  airfj 
sweating  process  may  be  decreased  by  acids.* 

ACID  CONTENT  IN  DIPPBEENT  PARTS  OP  THE  TOBACCO  PLANT. 

The  free  acid  of  the  juice  was  titrated  in  the  usual  way  by  one-teni 
normal  soda  solution  and  calculated  as  free  malic  acid.  Although  ii| 
reality  this  acid  is  present  as  an  acid  salt  and  not  as  free  acid, 
makes  no  difference  as  to  the  number  of  unneutralized  carboxyl  group^ 
and  the  data  obtained  can  serve  for  comparison.  The  juice  was  pre- 
pared  by  grinding  the  objects  with  the  aid  of  some  pure  quartz  sanj 
and  pressing  the  pulp  through  thin  flannel.  The  juice  of  the  leaf  ha4 
to  be  mixed,  however,  previously  to  titration,  with  an  equal  volume  ol 
strong  alcohol  to  precipitate  suspended  chlorophyll  grains,  otherwise 
the  point  of  neutralization  could  not  be  observed  with  sufficient  preci- 
sion  on  blue  litmus  paper,  still  less  distinctly  on  violet  litmus  paper. 
Filtration,  after  the  addition  of  the  alcohol,  was  not  found  necessary 
previous  to  the  titration. 

The  amounts  of  free  acid  in  the  different  organs  are,  of  course,  sub- 
ject to  variation  within  certain  limits,  according  to  the  atmospheric 
conditions  and  the  influence  of  direct  sunlight.  Thus  the  writer  has 
observe<l  with  the  flowers  of  Ipoma'a  iriloha  that  warm  weather  wiUi 
bright  sunshine  diminishes  the  acidity,  while  cool  and  rainy  weather 
increases  it,  whereby  the  blue  flowers  turn  red;  and  further,  the  acid- 
ity is  greater  in  the  morning  than  in  the  evening,  which  the  writer 
also  observed  in  the  case  of  tobacco.  The  custom  of  harvesting  tobacco 
on  bright,  sunny  days  has  therefore  a  sound  i)hysiological  foundation. 

The  following  data  were  observed : 


Part  of  plant. 


Small  roota 

Pith 

Biirk 

Midrib  of  leaf  (evening)... 
Midrib  of  leaf  (evening) . . . 
Midrib  of  leaf  (morning)  . . 

Lamina  of  ripe  leaf  a 

Lamina  of  ripe  leaf 

Lamina  of  young  Backers. , 
Lamina  of  young  suckers . . 


c.  c.  ^^  soda 

soiulion 

required  by 

lOc.o.Juic^ 


Peroeni 

ofA^ee 

malic  add 

in  j  nice. 


0.5' 

o.€as 

.8 

.OSl 

1.4 

.092 

1.6 

.106 

1.5 

.OM 

2.1 

.138 

4.4 

.94 

4.2 

.wy 

2.2 

.145 

2.4 

.191 

a  Midrib  and  large  side  ribs  removed. 

We  learn  from  these  numbers  that  the  least  amount  of  acid  is  cod- 
tained  in  the  small  roots  and  in  the  pith^  also  that  the  lamina  contain 
much  more  than  the  rib,  and  that  the  young  leaves  contain  less  than 
the  ripe  old  leaves.^ 

>  Certain  fungi,  iw,  for  example,  Oospora  Nicotianie,  will  g^w  on  fermented  tobaooo 
only  in  the  presence  of  some  free  organic  (malic)  acid  (Splendore).  This  shows  also 
in  this  respect  an  unfavorable  efiect  of  tlio  acidity. 

^ These  relations  may  differ  in  different  plants.  Thus  Krans  has  uliserTed  leas  of 
free  sicid  in  the  leaf  of  iS9m/>ervipt4m  tbau  in  tbe  root. 
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RIPENING  OF   THE  TOBAGOO  LBAF. 

The  ripening  process,  in  a  normal  physiological  sense,  refers  to  the 
hiit  and  implies  the  normal  formation  of  the  embryo  and  the  filling  ap 
if  the  reservoirs  of  the  frait  with  the  proper  material  for  the  yoang 
powing  plant.  The  ripening  of  the  tobacco  leaf  on  a  topped  and 
pickered  plant,  however,  implies  an  abnormal  accnmulation  of  organic 
iatters  in  the  leaves,  brought  on  by  preventing  their  transportation  to 
She  forming  seeds  and  shoots  or  sackers,  which  would  otherwise  have 
Bonsumed  a  great  deal  of  these  substances.  The  <^  ripening"  of  the 
Mmoco  leaf  is,  in  other  words,  not  a  physiological,  but  a  pathological 
phenomenon.  By  the  accumulation  of  nicotine,  oxidizing  enzyms,  and 
^ds  a  state  is  finally  reached  in  which  the  normal  deep  green  color 
iif  the  chlorophyll  grains  gives  way  to  a  yellowish  color.  A  "ripe"  leaf 
eontsins  per  100  square  centimeters  an  average  of  0.164  gram  of  mat- 
ter soluble  in  boiling  water,  while  a  young  leaf  contains  only  0.066,  the 
bnner  having,  therefore,  for  an  equal  surface  about  2.5  times  as  much 
Bolnble  organic  matter  as  the  latter.  As  to  the  total  weight,  a  ripe 
kaf  weighs  from  1.3  to  1.5,  on  the  average  1.4,  times  as  much  as  an 
eqoa]  surface  of  a  young  leaf  of  the  same  plant.  It  is  es])ecially  the 
nicotine  and  protein  compounds  that  increase  in  the  ripe  leaf,  a  fact  of 
which  anyone  can  soon  convince  himself  by  a  comparison  of  the  reac- 
tion caused  by  phosphotungstic  acid  in  the  juices  of  ripe  and  unripe 
leaves.  The  amount  of  water  in  ripe  leaves  averages  roughly  83  per 
cent  and  in  young  leaves  88  per  cent,  that  is,  when  compared  in  nearly 
starch-free  condition  after  being  kept  for  two  days  in  darkness. 

Bat  it  is  not  only  the  increase  (relative  and  absolute)  of  reserve 
materials  and  of  products  of  metabolism  that  is  brought  on  by  topping 
and  BQckering;  it  is  also  the  enlargement  of  the  leaf  surface,  which  may 
amoant  to  over  50  per  cent  above  the  normal.  The  suckering  exerts 
these  influences  to  a  higher  degree  than  the  topping  (Behreus).  A 
forther  influence,  due  to  differences  in  topping,  has  been  observed,  low 
topping  producing  thicker  leaves  than  high  topping. 

An  important  factor  is  the  proper  time  for  topping  and  suckering. 
"Rie  suckers  must  be  removed  neither  too  soon  nor  too  late.  In  the 
fonner  case,  too  much  protein  would  be  left  in  the  full-grown  leaf;  in  the 
latter,  too  much  nicotine  might  be  lost  from  it.  Goff'  observed  that  in 
moderate  climates  the  tobacco  leaves  increased  in  weight  at  least  to 
the  thirty  second  day  after  the  topping  had  been  performed.  A  ripe 
^^f  is  recognized  by  the  planter  not  only  by  the  setting  in  of  a 
yellowish  coloration  and  a  peculiar  rough  feeling  to  the  touch,  but  also 
^  the  facility  with  which  the  lower  epidermis  peels  off'  and  the  leaves 
^k  ("snap")  when  folded  between  the  fingers. 

As  to  the  so-called  "  overripe"  leaves,  they  contain,  like  the  young 
Wes,  relatively  more  water  and  less  organic  matter  than  the  ripe 
Wes.  By  the  stoppage  of  the  functions  of  the  chlorophyll  grains, 
▼hich  gradually  change  in  the  overripe  leaves,  new  production  of 
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organic  matter  is  prevented,  while  consumption  still  proceeds.  'Witli 
the  yoang  leaves  it  is  the  growth,  besides  the  respiration,  that  oon- 
snuies  material  and  prevents  its  accumulation. 

In  comparing  the  undiluted  juices  of  overripe  and  ripe  leaves,  ^real 
differences  can  at  once  be  noticed  by  adding  a  double  volnme  d 
alcohol  or  phosphotungstic  acid,  the  ripe  leaves  yielding  a  much  more 
copious  precipitate  than  the  overripe  ones.  The  juice  of  ripe  leaves  is, 
iurther,  more  slimy  and  more  acid.  From  the  central  part  of  the  leaver 
100  sq.  ('in.  were  cut  out  of  each  side  of  the  midrib  and  ground  with  some 
quarts?  sand  and  10  c.  c.  of  water  to  a  fine  pulp  in  a  mortar  and  directly 
titrated,  after  the  addition  of  10  c.  c.  of  strong  alcohol.  The  result  was 
as  follows: 


e.  0.  Txaoda 

Boiation 
for  200  sq. 


acid  in 

100 


cm.  of  leaf.  I     of 


so.  CI 
'leaf. 


Ripeiipper  l«Mif 3.8  COM 

Sand  or  lower  leaf 3.0  .010 


From  the  center  of  another  field,  ripe  upper  leaves  and  lower  or  sand 
leaves  of  the  same  plant  were  collected.  The  lower  leaves  were  of  a 
lighter  green  than  the  upi)er  ones.  The  juices  .were  prepared  as  usual, 
and  10  c.  c.  titrated.  The  juice  of  the  upper  leaves  required  4.2  c.  c.  of 
one-tenth  normal  soda  solution,  while  that  of  the  lower  leaves  required 
but  3.2  c.  c.  Since  it  is  the  sugar  principally  that  gives  rise  to  the 
formation  of  acid,  we  should  not  be  surprised  at  finding  more  acid  in 
the  upper  leaves  than  in  the  lower,  as  the  production  of  sugar  and 
starch  depends  upon  the  access  of  light  to  the  chloiophyll  bodies.' 

Well-ripened  leaves,  rich  in  oxidizing  enzyms  and  in  nicotine,  and 
very  rich  in  soluble  matter  generally,  will  yield  when  normaUy  cared 
the  so-called  "  gummy  "  leaves  with  a  well-developed  *'  grain,"  and  after 
a  thorough  sweating  a  fine  aroma,  while  unripe  leaves  will  show  injuries 
after  the  sweating  process  and  yield,  like  the  sand  leaves  and  overripe 
leaves,  an  inferior  product.  Hence,  the  single-leaf  curing  process  would 
be  preferable  to  the  method  of  curing  on  stalk,  since  the  overripe,  ripe, 
and  unripe  leaves  are  in  the  latter  method  harvested  together,  to  be 
cured  under  equal  conditions. 

It  is  not  the  object  of  this  report  to  give  an  exhaustive  critical  com- 
parison of  these  two  methods.^  Where  labor  is  very  expensive,  the 
method  of  single-leaf  curing  may  be  out  of  the  question.  The  same 
may  be  said  for  the  priming  of  the  very  large  leaves  of  Connecticat 
seed-leaf  tobacco.    Here  in  the  removal  of  the  lower  leaves  at  their 


>  In  orgaDB  free  of  chlorophyll,  as  the  fiowers,  the  direct  sanlight  can,  on  the  cod- 
trary,  exert  »  diininishing  effect  on  the  amount  of  acid. 

'2  The  chemical  analysis  of  fully  ripe  loaves  cured  after  those  two  methods  doei 
not  show  ebHeutial  ditt'erences.     (Behrens.) 
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lipenjng  stage  the  upper  leaves  may  easily  be  broken  or  lat^erated,  thus 
leading  to  a  considerable  loss. 

The  single-leaf  caring,  a  process  that  seems  to  grow  more  and  more 
IB  iavor  with  the  farmers  in  certain  States,  takes  one-third  less  time 
than  stalk  caring,  i>ermits  the  harvesting  of  about  doable  as  many 
haves  as  the  caring  on  the  stalk,  gives  a  more  uniform  product,  and 
permits  the  gathering  of  top  sockers,  which  may  form  good  wrap])ers.* 
The  stalk  is  here  longer  in  the  field  and  continues  to  produce  healthy 
leaves  from  the  suckers. 

BNZYMOLOGY  OF  THE  TOBACCO  PLANT. 

The  important  physiological  r61e  of  enzyms  for  every  organism  is 
well  known.  Some  enzyms  are  found  In  all  organisms,  others  only  in 
»  few,  and  some  may  even  occur  only  in  one.  Three  physiological 
groops  of  enzyms  can  be  distinguished:  (1)  Such  as  are  most  inti- 
mately and  directly  connected  with  the  nutritive  processes,  as  diastase 
ud  proteolytic  enzyms;  (2)  such  as  bring  on  coagulation — the  clotting 
aizyms,  as  pectase  and  thrombase;  and  (3)  such  as  cause  oxidation — 
that  is,  the  oxidases. 

It  was  to  be  expected  from  analogy  that  enzyms  of  the  first  and  third 
groaps  would  occur  in  the  tobacco  plant,  and,  since  the  activity  of  the 
eiizyms  is  not  only  of  physiological  value  to  this  plant  itself,  but  in  this 
ease  is  also  of  practical  importance  to  the  tobacco  planter,  it  was  impor- 
tant to  prove  their  presence  beyond  a  doubt.  Two  oxidizing  enzyms 
have  been  shown  by  the  writer  to  exist  in  the  tobacco  plant,''  and 
recently  a  third  one  has  also  been  observed.  This  will  be  described 
totheron. 

DIASTASE  IN   TUB   TOBACCO  LEAF. 

The  disappearance  of  starch  in  the  early  part  of  the  curing  process 
isdnetothe  presence  of  diastase.  Lt  has  been  asserted  that  diastase 
does  not  occur  in  leaves  and  that  protoplasm  itself  is  capable  of  doing 
the  same  work/**  This  apx>ears  very  improbable,  since  both  starch  and 
protoplasm  are  insoluble  in  water.  It  is,  however,  somewhat  difficult 
to  demonstrate  the  presence  of  small  quantities  of  diastase  in  the  juice 
of  leaves,  since  some  can  easily  be  retained  by  the  pressed  residue. 
Brown  and  Morris  have  observed  that  powdered  leaves,  if  directly 
digested  with  some  starch  paste,  gave  adiastatic  action  of  much  greater 
intensity  than  was  obtained  when  juice  corresponding  to  that  amount 
of  leaf  substance  was  applied. 


'This  method  is  practiced  ezteDsively  by  Mr.  O.  Banies,  of  Hatfield,  Mass. 

^Beport  Ko.  59,  U.  S.  Department  of  Agricnlture. 

'WoHman  observed  that  leaves  killed  with  chloroform  or  Icept  Id  an  atmosphere 
of  carbonic  acid  show  no  decrease  of  starch,  and  hence  inferred  the  absence  of  dian- 
taaein  leaves;  bnt  this  is  not  jostified,  for  several  reasons.  Recently  it  has  been 
■hown  by  A.  F.  Woods  that  diastase  is  eiisily  changed  by  oxidizing  enzyms.  Fur- 
tbermore,  Vines,  and  also  Jentys,  have  given  new  proofs  of  the  presence  of  diastase 
inleares. 
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The  preseuce  of  diastase  in  the  tobacco  leaf  was  demonstrated,  bj 
the  writer  as  follows :  Foar  large  healthy  leaves  were  well  crashed  b 
a  mortar  with  some  sand  and  pressed.  The  filtered  juice  was  precipl 
tated  with  alcohol,  and  the  precipitate,  after  being  washed  with  alcoho 
of  90  per  cent  and  pressed  between  filter  paper,  was  digested  with  li 
c.  c.  of  highly  dilated  starch  paste  at  60^  O.  (140^  F.).  The  iodine  test 
applied  to  a  drop  of  the  liquid  on  a  white  porcelain  plate,  showed  tha 
the  starch  gradually  diminished  and  disappeared  after  two  hoars 
Leaves  kept  for  eight  days  in  darkness  and  near  death  by  starvatioi 
did  not,  when  so  examined,  show  any  diastase  content.  This  woolc 
probably  also  prove  the  case  with  leaves  from  the  curing  barn.  Thi 
destructive  effect  of  oxidase  on  diastase  (Woods)  comes  into  play  here. 

PROTEOLYTIC  BNZYM  IN  THE  TOBACCO  LEAF. 

The  decrease  of  protein  in  the  tobacco  leaf,  while  curing  is  goin^  on, 
can  be  ascribed  only  to  a  proteolytic  enzym.    The  amount  of  it,  how- 
ever, is  probably  small,  since  the  coagulable  albumin  contained  in 
the  juice  of  tobacco  leaves  decreases  very  slowly;  even  after  several 
weeks  leaves   taken  from  the  barn  may  show  some  of  it.    It  may 
be  possible  that  the  oxidizing  enzyms  injure  this  enzym,  as  they  do 
the  diastase,  and  thus  prevent  an  accumulation  beyond  mere  traces 
in  the  fresh  leaf.    Many  authors    have  encountered  difficulties   in 
attempting  to  prove  the  presence  of  proteolytic  enzyms  in  green  leaves 
and  fruits.    One  of  the  causes  of  this  failure  may  be  that  blood  fibrin, 
or  coagulated  egg  albumen,  has  been  used  for  the  test;  while  certain 
proteolytic  enzyms  may  exist  which  can  easily  i>eptonize  dissolved 
albumen  without  being  capable  of  dissolving  fibrin  or  coagulated 
albumen.    Indeed,  there  may  exist  a  great  variety  of   proteolytic 
enzyms.    Thus,  Bourquelot  and  Hi^rissey  have  shown  an  enzym  to  exist 
in  fungi  which  is  cai)abIeof  easily  digesting  casein,  while  it  can  not  dis- 
solve fibrin.    The    writer's  experiments  with  casein  and  fibrin,  in 
attempting  to  i)rove  the  presence  of  a  proteolytic  enzym  in  the  fresh 
tobacco  leaf,  were  not  conclusive,  no  visible  solution  of  these  proteins 
taking  place  when  digested  for  several  days  at  40^  C.    The  method  of 
Fermi  and  Buscaglioni  also  ])roved  unsuccessful.    These  authors  recom- 
mend a  gelatin  solution  that  solidifies  at  the  ordinary  temperature.   The 
li<iuid  to  be  tested  is,  in  the  presence  of  an  antiseptic  substancei  lefb 
upon  the  gelatin  in  the  test  tube  for  several  days.    The  presence  of 
even  a  trace  of  proteolytic  enzyms  will  soon  be  indicated  by  the  lique- 
faction of  the  gelatin  below  the  line  of  demarcation.    The  principal 
objection  which  may  here  be  raised  is  that  proteoljrtic  enzyms  may 
exist  which  can  act  on  gelatin  only  at  a  higher  temperature — that  is, 
above  the  temperature  20^  to  22^,  at  which  the  usual  gelatin  prepara- 
tion liquefies  by  melting. 

In  the  foUowiug  experiment  the  test  recommended  by  Martz  was 
adopted.    Ten  fresh  and  10  starved  leaves,  of  as  nearly  the  same  size 
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as  poBsible,  were  rubbed  with  saud  to  a  flue  pulp  und  tbo  juices  pressed 
oat.  A  portiou  of  each  of  these  juices  was  kept  separate  as  control, 
while  the  chief  iiortions  were  mixed  with  au  equal  volume  of  u  solution 
of  albumin.  This  solution  was  obtained  by  pressing  the  white  of  an 
egg  through  lineu^  diluting  the  liquid  with  fifteen  times  its  bulk  of 
water  and  filtering.  A  portion  of  the  albumin  solution  was  also  diluted 
with  an  equal  volume  of  water  and  kept  for  control.  All  liquids  were 
kept  at  &om  ld<^  to  22^  C.  in  closed  test  tubes  which  had  received  au 
addition  of  ether  to  exclude  bacterial  development.  After  nine  days 
the  filtered  liquid  received  an  addition  of  some  nitric  acid  and  the  pre- 
cipitate formed  was  left  one  day  to  settle.  The  volume  of  the  precipi- 
tate showed  a  moderate  decrease  in  the  juice  of  the  fresh  leaves  and  a 
eonsiderable  decrease  (about  one- half)  in  that  of  the  starved  leaves; 
fiierefore  the  existence  of  a  proteolytic  enzym  can  not  be  doubted,  but 
h  differs  from  the  ordinary  trypsin,  inasmuch  as  it  can  not  attack 
fibrin  and  casein  under  ordinary  conditions,  while  it  can  attack  dis- 
lolved  albomin. 

As  to  the  first-mentioned  control  cases  of  the  juices  which  had  not 
received  the  addition  of  egg  albumin,  the  soluble  albumin  originally 
prefsent  a8  reserve  matter  in  the  juice  was  found  fully  digested  m  the 
juice  of  the  starved,  but  not  yet  completely  so  in  that  of  the  fresh 
leaves. 

IS  A  CBLLULOSK-DISSOLVING  ENZYM  (CYTA8E)  PUESENT   IN  TOBACCO 

LEAVES  f 

Cytohydrolytic  enzyms,  especially  such  as  easily  attack  hemicellu- 
loses,  occur  in  phanerogamous  plants  and  are  not  identical  with 
diastase,  as  Newcombe'  has  demonstrated.  He  found  such  an  enzym 
in  the  cotyledons  of  seedlings  of  Phuenix  dactylifeni  and  of  Lupinus 
albas  and  confirmed  it^  presence  in  the  malt  of  Hordeum  vulgare. 

Parasitic  fungi,  such  as  eat  through  wood,  must  contain  enzyms 
which  dissolve  the  genuine  cellulose  with  great  facility.  Various 
oh8er\'ation8,  esi>ecia]ly  those  of  Dr.  Erwiu  F.  Smith  on  bacteria  acting 
M  plant  parasites,  leave  no  doubt  as  to  the  occurrence  of  such  enzyms 
also  iu  certain  species  of  bacteria. 

The  fact  that  tobacco  leaves  lose  more  or  less  of  their  original  degree 
of  tenacity  and  cohesion,  and  even  show  holes  when  subjected  to 
Bweatiug  iu  a  too  moist  condition,  appears  to  find  a  simple  explanation 
in  the  action  of  bacteria,  which  may  oc<;ur  in  the  presence  of  too  much 
moisture.  But  it  would  have  to  be  assumed  that  cellulose  dissolving 
bacteria,  of  which  not  many  kinds  are  known,  are  always  present 
whenever  too  much  water  is  applied  to  the  tobacco.  It  was  therefore 
of  interest  to  test  whether  cytase,  which  has  been  shown  to  be  present 
in  certain  germinating  seeds,  was  also  contained  in  the  tobacco  leaf 
itself,  or  whether  it  was  eventually  formed  from  another  enzym  in  the 
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process  of  cariug;  in  other  words,  whether  the  abnormal  softening  of 
the  leaves  was  accomplished  without  the  action  of  bacteria.  Parts 
of  cured  tobacco  leaves  and  of  fresh  leaves,  the  latter  previooaly 
dried  at  45^  C,  were  therefore  moistene<l  with  water  and  left  for  twelve 
days  at  from  45^  to  50^  G.  in  test  tubes  with  as  little  20  per  cent  alcohol 
as  sufficed  to  cover  them.  Bacterial  development  was  thus  excluded, 
but  not  the  action  of  enzyms.  Vapor  of  chloroform  in  closed  flasks  was 
also  used  in  place  of  the  20  per  cent  alcohol.  The  result  was  that  the 
green  leaves  (healthy  as  well  as  mosaic  diseased  leaves)  did  not  show 
any  decrease  of  tenacity,  but  the  cured  leaves  did,  although  only  to  a 
slight  degree.  From  sweated  leaves  a  concentrated  extract  was  now 
made  at  the  ordinary  temperature,  a  second  portion  of  leaves  being 
extracted  with  the  first  extract  obtained,  and  so  on  until  the  fourth 
portion  was  extracted  with  the  same  water.  The  concentrated  eztraet 
thus  obtained  was  saturated  with  ammonium  sulphate,  whereby  a 
copious  precipitate  of  proteins  of  a  very  dark  brown  color  was  formed. 
This  precipitate  was  freed  of  most  of  the  adhering  salt  solution  by 
pressure  between  filter  paper,  dissolved  in  a  little  water,  and  in  pres- 
ence of  chloroform  permitted  to  act  for  five  days  on  a  small  piece  of 
fermented  leaf  at  50^  0.  Although  bacterial  growth  was  here  suc- 
cessfully prevented,  the  leaf  was  very  much  softened  and  lost  most 
of  its  former  tenacity.  Nevertheless,  the  writer  is  not  yet  fully  pre- 
pared to  give  a  decisive  answer  as  to  the  nature  of  the  cellulose  injur- 
ing agency  in  the  sweating  leafj 

TE3T  FOB  OXIDASE  AND  PEROXIDASE  IN  THE  FBESH  TOBAGOO  LSAF. 

Although  in  report  No  59  (p.  28)  the  way  of  testing  for  the  oxidiE- 
ing  enzyms  of  tobacco  was  mentioned,  some  further  remarks  on  this 
subject  will  not  be  superfiuous  for  those  who  intend  to  make  further 
observations  on  these  enzyms.  The  principal  reagent,  as  has  been 
mentioned,  is  gnaiac  resin  in  absolute  alcoholic  solution,  which  gives  a 
blue  coloration  when  oxidase  is  present  and,  in  connection  with  hydro- 
gen peroxide,  a  blue  coloration  when  peroxidase  is  present. 

While  the  test  for  oxidase  and  peroxidase  in  the  stalk  and  ribs  of 
leaves  can  be  directly  applied  to  the  objects  themselves,  there  is  some 
difficulty  encountered  in  the  lamina,  since  the  green  color  of  the  chloro- 
phyll interferes  with  the  recognition  of  the  pure  blue  reaction.*  Further- 
more, when  the  juice  is  prepared  by  rubbing  the  leaf  to  a  pulp  and 
pressing  this  through  flannel,  it  will  contain  so  many  chlorophyll  gran- 
ules in  suspension  that  the  juice  has  to  be  filtered  through  filter  paper. 


^Bumke  and  Wolffenstein  have  recently  found  that  cellulose  is  comparatively 
easily  chauged,  undei  certain  conditions,  hydralcellnlose  being  formed.  Perhaps 
a  similar  action  takes  place  in  the  sweating  leaf  when  too  much  moisture  is  present 
and  the  oxidizing  enzyms  act  upon  tht/  cellulose  walls. 

^The  blue  reaction  may  bo  distinguiHhed  to  some  extent  in  the  leaf  by  npplying 
the  reagent  to  the  spongy  tissue  after  the  removal  of  the  lower  epidermis. 
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This  filtering,  however,  proceeds  so  slowly  that  a  brown  coloration  is 
meanwhile  developed  by  oxidation.  By  mixing  the  juice,  however, 
with  an  eqaal  qaantity  of  90  per  cent  alcohol;  or  by  rubbing  the  lam- 
ina in  a  mortar  with  an  addition  of  50  per  cent  alcohol — whereby  pro- 
teins and  other  matters  are  precipitated — a  larger  amount  of  clear  fil 
trate  ready  for  the  test  is  soon  obtained. 

It  is  often  preferable  to  dry  the  leaf  at  a  temperature  of  from  40^ 
to  4.50  C,  grind  it  to  a  fine  powder,  extract  this  for  a  short  time  with 
edd  water,  and  apply  the  tests  to  the  filtrate.  It  need  hardly  be  men- 
tioDed  that  the  juices  of  the  pith  or  of  the  main  ribs  of  the  leaves  can 
serve  directly  for  the  tests.  They  filter  easily  and  do  not  darken  as 
teadily  as  the  juices  from  the  lamina. 

In  regard  to  the  guaiac  blue,  it  may  be  mentioned  that  it  sometimes 
iiides  ont  soon  after  its  formation.  This  maybe  due  to  tannin  and 
other  reducing  compounds;  it  seems  not  to  be  due  to  another  enzym. 

ISB  TH£   TOBACCO  OXIDASE  AND  PEROXIDASE  KINDS  OF  PROTEINS  f 

These  enzyms  belong  neither  to  the  coagulable  albumins  nor  to  the 
nacleoproteids.  The  latter  are  precipitated  by  dilute  acids,  but  since 
the  juice  of  green  tobacco  leaf  is  of  moderate  acid  reaction,  it  can  not 
ODntain  ordinary  nucleoproteids  in  solution.  Even  upon  the  addition 
of  1  per  cent  of  acetic  acid  to  the  juice,  no  nucleoproteids  are  precipi- 
tated. If,  as  Spitzer  has  recently  claimed,  the  peroxidase  of  mammalia 
is  a  nucleoproteid,  we  must  assume  a  considerable  difference  between 
the  peroxidase  of  mammalia  and  that  of  tobacco,  and  probably  of  other 
vegetal  sources. 

The  following  tests  show,  further,  that  oxidase  and  peroxidase  do  not 

belong  to  the  coagulable  albumins.    The  freshly  expressed  and  filtered 

juice  of  the  tobacco  leaf  3nelds  upon  heating  to  54^  O.  a  copious  coagu- 

1am  of  albumin,  while  the  filtrate  therefrom  gives  a  strong  reaction  for 

oxidase  and  peroxidase.    On  ftirther  heating  this  filtrate  to  65^  O.  for 

a  second,  another  but  a  very  insignificant  coagulation  is  observed.    The 

filtrate  of  this  precipitate  still  yields  both  reactions,  but  it  may  now  be 

heated  to  the  boiling  point  without  giving  a  coagulum.     Further,  when 

fireen  tobacco  leaves  are  dried  at  a  temperature  of  50^  0.,  pulverized, 

and  extracted  with  ten  times  the  weight  of  cold  water  for  thirty  min- 

ates,  a  filtrate  of  weak  acid  reaction  is  obtained  which  contains  mere 

traces  of  albumin.    Nevertheless,  it  gives  the  peroxidase  reaction  with 

gaaiac,  even  after  heating  for  a  second  to  85^  G.  (not  to  90^  0.).    This 

solution  was  heated  for  a  few  seconds  to  a  temperature  of  66^  G.  and 

the  alight  turbidity  removed  by  filtration,  after  which  the  cooled  filtrate 

wab  saturated  with  ammonium  sulphate,  whereby  a  dark  precipitate 

was  formed.    This  contained  the  oxidase  and  peroxidase  and  a  part  of 

the  brown  coloring  matter  of  the  original  extract,  while  the  filtrate 

yielded  no  trace  of  the  guaiac  reactions.    After  being  freed  as  far  as 

possible  from  the  adhering  liquor,  by  pressing  between  sheets  of  filter 
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paper,  the  precipitate  was  easily  dissolved  in  water.  This  solution  not 
only  gave  intense  reactions  for  oxidase  and  peroxidase,  bat  yielded  a]flo 
a  precipitate  with  alcohol  and  gave  Millon's  reaction ;  the  biuret  reac- 
tion, however,  was  impeded  by  the  dark  color  of  the  liquid.  Both 
oxidase  and  peroxidase,  therefore,  seem  to  have  the  main  character  of 
albumoses.  It  follows,  then,  that  the  animal  oxidase  must  differ  from 
the  vegetal,  since  Abelous  and  Biames  believe  the  former  to  be  a  kind 
of  globulin.^  When  the  aqueous  extract  of  dried  tobacco  leaves  ia 
neutralized,  a  small  au;ount  of  precipitate  is  obtained,  containing,  among 
other  things,  lime  salts,  and  a  part  of  the  oxidase  mechanically  carried 
down. 


BEHAVIOB  OF    OXIDIZING  BNZYMS   TOWABD  INJURIOUS   COMPOUNDS. 

• 

The  supposition  might  be  entertained  that  oxidase  and  peroxidase 
are  chemically  closely  related,  the  latter  representing,  perhaps,  a  deriva- 
tive of  the  former.  Peroxidase,  however,  resists  not  only  a  higher 
degree  of  heat  than  oxidase,  but  also  is  less  easily  injured  by  poisons. 

In  comparing  tobacco  oxidase  with  tobacco  i)eroxidase  in  their 
behavior  toward  noxious  compounds,  a  solution  of  the  former  was  pre- 
pared in  the  manner  formerly  described,^  and  its  reaction  compared 
with  the  oxidase  reaction  in  fresh  tobacco  juice  alter  addition  of  various 
solutions  of  known  strength.^  Before  making  the  tests  care  was  taken 
to  have  a  neutral  or  only  slightly  acid  reaction,  as  guaiac  blue.is  easily 
altered  by  various  influences,  and  especially  by  mineral  acids  and  alka- 
lies. Also,  certain  organic  substances  of  comparatively  weak  acid 
qualities,  like  tannin,  can  prevent  the  reaction.  Acetic  acid,  in  higher 
concentration  than  2  per  cent,  interferes  with  the  production  of  the 
guaiac  blue. 

The  following  table  shows  the  results  obtained: 


Reagent. 


Acetic  acidf  3  per  cent 

Acetic  acid,  1  per  cent 

Hydrochloric   acid,  C.5    i>er 

cent. 
Sulphur    dioxide,    0.25    per 

cent. 
Ammonia,  0.3  per  cent  a 


Potassiam  hydroxide,  0.3  per 
cent,  a 


Free  nicotine,  1  per  cent.. 
Formaldehyde,  o  per  cent. 


Oxidase. 


Peroxidaae. 


Killed  within  5  hours Reaction  much  weaker  after  24  honra. 

Killed  within  24  hours Reaction  weaker  after  24  hours. 

Killed  immediately. 


Killed  immediately 
do 


Unchanged  after  24  houm. 


Bat  little  altered  aft«r  24  i  Unaltered  after  48  hours. 

hours.  [ 

Considerably  decreased  \         Do. 

after  2  days.  j 

Killed  in  24  hoars I         Do. 

do I         Bo. 


a  In  these  cases  the  fresh  Juice  was  neutralized  before  adding  the  above  percentage. 

'  Compt.  Rend.  Soc.  Biol.,  vol.  49,  p.  493. 

'^  Report  No.  59,  U.  S.  Department  of  Agricnltnre,  p.  29. 

3  A  colorless  solution  of  the  tobacco  oxidases  can  not  be  obtained  from  the  lamina 
of  the  tobacco  leaves,  since  the  juice  turns  brown  very  soon,  but  it  may  be  obtained 
from  the  midrib  by  grinding  it,  expressing  the  pulp,  and  filtering  the  liquid.  By 
heating  a  moment  to  65^^  C.  (149^^  F.),  the  albuminous  matters  coagulate  and  a  clear, 
colorless  filtrate  is  obtained  which  turns  yellow  but  slowly. 
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It  may  be  added  that  ammoninm  oxalate  (5  i>er  cent)  had  no  dele- 
terious effect  upon  oxidase  after  two  days;  but  nicotine  tartrate  in  a  5 
per  cent  solution,  and  quinine  acetate  in  a  0.5  per  cent  solution,  seemed 
to  damage  the  oxidase  after  four  days,  although  but  very  little. 

KILLING  T£MPBBATUB£  OF  OXIDIZnVG  ENZTMS. 

The  temperatures  thus  far  observed  which  render  enzyms  inactive 
are  not  constant  under  all  conditions;  the  acidity  of  the  plant  juice, 
the  degree  of  dilution,  the  duration  of  the  heating,  and  the  presence 
ai  certain  salts  have  a  modifying  influence  on  the- height  of  the  tern-  - 
peratnre  at  which  the  change  to  the  inactive  modification  takes  place. 
It  is  to  be  regretted  that  authors  have  not  always  mentioned  the  con- 
ditions and  the  duration  of  the  heating.  The  oxidase  of  the  stalks  of 
the  sugar  cane  is  killed  at  60^  G.  (140o  F.),  the  peroxidase  of  it  at  95^  C. 
(203^  F.),  according  to  EaciborskL  Tyrosinase,  an  oxidase  easily  oxi- 
dizing tyrosine  to  a  dark  substance,  is  injured  at  50^  O.  (122^  F.)  and 
killed  below  7(P  C.  (158^  F.),  according  to  Bertrand.  I^accase,  an  oxi- 
dase of  widespread  occurrence,  is  killed  at  63^  O.  (145.4o  F.).  Oenoxi- 
daae  loses  haif  of  its  oxidizing  power  at  12^  0.  (i61.6o  F.)  within  four 
minutes,  and  at  55^  G.  (13 1^  F.)  in  one  and  one- half  hours.  The  oxi- 
diise  of  mammalia  is  killed  at  from  80^  to  85^  G.  (Abelous  and 
Biam^B.) 

The  infiaence  of  the  duration  of  the  heating  is  shown  by  the  follow- 
ing test.  The  killing  temperature  of  the  oxidase  in  the  juice  of  the 
tobacco  leaf  was  repeatedly  found  to  be  from  06^  G.  to  67°  0.  when 
the  juice  was  diluted  (one  part  dried  leaf  to  twenty  parts  of  water) 
aod  the  solution  heated  for  three  minutes.  But  in  heating  it  for  a 
second  only  a  much  higher  temperature  may  be  endured.  Gertain 
salts,  as  ammonium  sulphate,  and  also  traces  of  free  ammonia,  increase 
the  resistance,  while  acids,  even  in  small  quantities,  deiTcase  it.  The 
juice  of  the  midrib  contains  less  acid  than  that  of  the  lamina,  and  con- 
sequently it  takes  a  temperature  several  degrees  higher  to  kill  the 
oxidase  in  the  former  than  in  the  latter,  but  on  being  neutralized  the 
latter  may  be  safely  heated  for  a  moment  to  75^  G.  The  addition  of 
alcohol  decreases  the  power  of  resistance.  Thus  an  addition  of  33  per 
eent  of  alcohol  to  a  neutralized  solution  of  oxidase  will  depress  the 
killing  temperature  about  2^  G. 

The  following  tests  were  made  with  peroxidase:  Fresh  tobacco  leaves 
were  ground,  with  the  addition  of  some  sand  and  a  little  water,  and 
the  pulp  expressed.  The  residue  was  now  left  for  some  hours  in  con- 
tact with  water  to  which  0.5  per  cent  acetic  acid  was  added,  and 
expressed  again.  The  filtrate  thus  obtained  was  exactly  neutralized 
with  dilute  caustic  soda.  It  gave  only  a  very  faint  reaction  for  oxidase, 
but  an  intense  reaction  for  i>eroxida8e.    To  one  portion  (20  c.  c.)  was 

added  one-half  its  volume  of  absolute  alcohol ;  to  another  10  per  cent 

of  ammonium  sulphate.    Upon  heating  in  a  water  bath  it  was  found 
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that  the  peroxidase  in  the  alcohol  mixture  was  killed  at  a  temperata 
of  70^  kept  up  for  a  few  aeconds,  while  iu  the  mixture  containing  ti 
ammonium  sulphate  the  enzym  was  not  killed  after  heating  the  mijLtii 
for  a  short  time  to  93^  0.  In  the  control  solution  the  enzym  was  killi 
at  87^  C.  after  three  minutes. 

GrUss  encountered  in  some  vegetable  objects  an  oxidase  that  rests 
the  action  of  boiling  absolute  alcohol.    He  designates  it  as  ^^-oxidas 

That  such  an  oxidizing  enzym  exists  which  can  resist  even  boUii 
absolute  alcohol  might  appear  strange.  But  when  we  consider  tlu 
the  action  of  absolute  alcohol  consists  in  the  first  place  of  depriviii 
the  objects  of  water,  and,  further,  that  dried  enzyms  resist  a  mnc 
higher  temperature  than  enzyms  in  the  moist  or  dissolved  state,  thi 
observation  loses  its  singularity.  It  may  here  be  pointed  out  thi 
recent  investigations  of  bacteriologists  have  proved  that  certain  kind 
of  bacteria  also  succumb  much  more  easily  to  alcohol  of  50  per  oen 
than  to  absolute  alcohol.  Proto[)lasm  of  a  high  density  which  cai 
resist  drying  is  much  less  accessible  to  poisonous  actions  when  dry  thw 
when  moist.^  The  writer  has  also  observed  that  the  oxidase  in  th< 
tobacco  leaf  resists  a  higher  temperature  when  the  leaf  is  itself  warinei 
with  some  absolute  alcohol  than  when  the  dilute  leaf  Juice  is.  How 
ever,  a  prolonged  contact  with  absolute  alcohol  will  doubtless  kil 
the  oxidase.  Here,  also,  the  peroxidase  resists  much  better  than  thi 
oxidase. 

OANTQB  AMOUNT  OP  OXIDASE  BK  TNORBASBD  B7  8PB0IFI0  MANUBINOl 

Since  Bertrand  and  Villiers  have  found  some  manganese  is  a  regnlai 
ash  constituent  of  the  oxidases^  and  since  it  seems  justifiable  to  attrib- 
ute to  that  circumstance  an  essential  inflaence  on  the  specific  actions 
of  the  oxidases,  it  was  of  some  interest  to  try  to  discx^ver  whether  aD 
increase  of  manganese  in  the  soil  would  lead  to  an  increase  of  the 
oxidizing  enzyms  in  the  tobacco  plant.  Therefore  a  0.1  ])er  mille  solu- 
tion of  manganese  sulphate  was  repeatedly  used  to  water  some  tobacco 
plants,  each  of  which  received  altogether  O.C  gram  of  that  salt.^  The 
examination  of  the  ripe  leaf,  however,  showed  no  noticeable  increase  of 
oxidase  and  peroxidase  on  colorimetric  comparison  with  the  plants  not 
so  treated.  Possibly  the  soil  contained  a  sufficient  amount  of  manga- 
nese for  the  formation  of  the  normal  maximum  amount  of  these  enzyms. 

A  THIRD  OXIDIZING  ENZYM  IN  TUB  TOBACCO  PLANT. 

The  unfiltered  juice  of  fresh  tobacco  leaves  energetically  decomposes 
hydrogen    peroxide    with    evolution  of   oxygen.     The  clear  filtrate 


'Also  seeds  resist  a  higher  temperature  when  dry  than  when  soaked  in  water. 
«Compt.  Rend.  toI.  124,  pp.  1032,  1349,  1355. 

'These  experiments  were  condncted  by  Dr.  E.  H.  Jenkins  on  the  experimental 
field  in  Po4|nouock,  Conn. 
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stained  from  the  turbid  juice  shows  this  property  only  to  a  very 

lall  decree  while  the  snsi^eoded  matter  acts  as  powerfdlly  as  the 

kfiltered  joice.    It  is  easy  to  prove  that  neither  particles  of  the  living 

itoplasm  of  the  leaf  cells  nor  an  admixture  of  ba^'teria  are  the  cause 

this  action,  since  contact  with  chloroform  does  not  essentially  alter 

lat  power  after  a  day.    Certain  observations  of  the  writer,  not  agree- 

1^  with  the  prevalent  views,  led  him  to  a  further  examination  of  this 

fhenomeuon.     Several    authors    have  observed  this  property  with 

irious  organisms  and  ascribed  it  to  the  known  enzyms  contained  in 

U  following  Schoenbeiu,'  who  expressed  this  opinion  in  the  year 

This  view  was  not  even  doubted  after  it  was  shown  by  Jacobson  that 

ds  property  of  the  comm<m  euzym  preparations  may  be  destroyed 
bwithont  injury  to  the  true  enzym  nature,  i.  e.,  to  the  specific  activity.' 

While  ptyalin,  pepsin,  and  myrosin  preparations  gave  Jacobson  only 
small  quantities  of  oxygen  by  decomposition  of  hydrogen  peroxide, 
enjulsin,  pancreatin,  and  diastase,  in  freshly  prepared  condition, 
yielded  considerable  quantities.  Jacobson  proved  that  by  heating  to 
aeertaiu  temperature,  by  ^^  exhaustion  of  the  catalytic  power"  (of  decom- 
posing hydrogen  peroxide),  by  dilute  acids,  and  by  various  poisons, 
this  property  could  be  either  destroyed  or  considerably  weakened  with- 
out the  true  enzym  character  being  materially  injured. 

Since  it  seems  very  doubtful  that  the  molecule  of  an  enzym  can  be 
changed  to  a  great  extent  without  destroying  the  specific  property, 
the  writer  finds  it  much  more  natural  to  explain  the  observations  of 
Jacobson  by  the  presence  of  another  enzym,  to  which  this  decom|>os- 
ing  action  on  hydrogen  peroxide  is  due.  In  the  preparations  of  the 
common  enzyuis  the  presence  of  other  enzyms  as  impurities  can  not  be 
surprising.  The  further  observations  of  the  writer  have  confirmed 
this  view.  A  full  account  will  be  given  later  in  a  separate  bulletin. 
Here  it  may  suffice  to  sum  up  the  main  results: 

1.  The  property  of  developing  oxygen  by  decomposition  of  hydrogen 
peroxide  is  due  to  a  separate  enzym. 

2.  This  enzym,  to  which  the  name  catalase  may  be  given,  occurs  in 
two  modifications,  one  insoluble  and  one  soluble  in  water.  They  may 
be  distinguished  as  a  and  /^  catalase.  The  insoluble  or  tr  catalase  is 
probably  a  combination  of  the  euzym  with  a  nucleoproteid. 

3.  This  enzym  is  killed  at  72-75o  0.  (l61-167o  F.).     It  is  an  oxidiz 
iiig  enzym,  since  it  easily  produces  quinone  from  hydroquinone.    It  does 
not  produce  guaiac  blue  from  a  tincture  of  guaiac,  not  even  in  the 
presence  of  some  hydrogen  peroxide;  hence  it  differs  essentially  from 
the  ordinary  oxidase  and  peroxidase. 

4.  The  insoluble  modification  is  soluble  in  dilute  alkaline  liquids. 

5.  In  the  curing  process  of  the  toba(;co  leaf  there  is  a  small  increase 


I  Joarn.  Pract.  Cheui.  vol.  89,  p.  326. 

>  JacobsoD,  Zeitsch.     Physiol.  Cbem.  vol.  16,  p.  340,  1892. 
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of  the  soluble  modification,  probably  formed  from  the  iiisolnble.     This 
increase  is  larger  in  the  sweating  process. 

6.  This  enzym  is  the  most  durable  of  those  in  the  tobacco  leaf  ander 
ordinary  circumstances,  since  it  occurs  in  tobacco  even  over  6 
old,  in  which  no  trace  of  other  enzyms,  not  even  of  the  perozidasoi, 
be  found. 

7.  It  is  certainly  an  important  factor  in  the  heating  up  of  the  tobacsco 
pile,  as  recent  experiments  with  fermenting  tobacco  have  shown. 

The  general  occurrence  of  this  enzym  in  plant  as  well  as  in  animal 
cells  suffices  to  indicate  a  highly  important  physiological  role.  It  is 
]>robab]y  intimately  connected  with  the  process  of  respiration.  The 
following  two  hypotheses  as  to  its  function  appear  the  most  probable 
to  the  writer: 

1.  Since  many  oxidative  processes  lead  to  the  formation  of  hydro^n 
peroxide  as  a  by-product,  it  is  important  that  such  a  poisonous 
by-product  be  at  once  destroyed  when  accidentally  formed  in  the  cells 
in  the  course  of  the  respiratory  oxidations. 

2.  This  enzym  may  have  the  office  of  loosening  affinities  in  fatty 
acids  and  sugar  in  order  not  to  tax  the  chemical  energy  of  the  proto- 
plasm itself  too  heavily  when  these  compounds  are  consumed  for  the 
purpose  of  respiration. 

REMARKS  ON  THE  MOSAIC  DISEASE   OF   THE  TOBACCO   PLANT. 

The  mosaic  disease,  in  the  Southern  States  called  ^^frenching'^  and 
in  the  Northern  States  ^'calico,"  ^^briudle,"  and  *^mongrer^  disease,  is 
of  special  pathological  interest,  i^'or  a  discussion  of  the  causes,  theories, 
and  scientific  investigations  on  the  development  of  this  disease  the 
reader  is  referred  to  a  special  and  extensive  bulletin  by  Albert  F. 
Woods,  of  this  Division,  which  will  make  its  appearance  at  no  dis- 
tant date.  In  this  place  will  be  mentioned  chiefly  a  number  of 
observations  made  by  several  planters. 

The  disease  is  easily  recognized  by  the  contrast  of  the  dark-green 
regions,  mostly  near  the  veins,  and  the  light-green  regions  of  the 
lamina.  The  former,  being  better  nourished  on  account  of  containing 
more  chlorophyll  than  the  latter,  grow  faster.  This  causes  the  leaves 
to  curl  and  assume  a  wavy  shape,  like  corrugated  iron,  rendering  the 
leaves  worthless  for  wrappers.  Highly  diseased  leaves  have  to  be 
entirely  discarded.  The  disease  sometimes  affects  as  much  as  10  \yeT 
cent  of  the  plants  of  an  entire  field.  At  times  it  attacks  only  a  few 
leaves  of  a  plant,  and  at  other  times  the  entire  plant  is  affected. 
Broad-leaf  tobacco  is  asserted  to  be  more  liable  to  the  disease  than 
ilabana  seed  tobacco.  The  annual  damage  thus  done  in  the  United 
States  is  estimated  to  be  more  than  a  million  dollars. 

Various  causes  seem  to  create  a  tendency  to  the  disease.  Some  act 
in  the  seed  bed,  some  depend  upon  the  mode  of  planting  in  the  fields 
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and  others  seem  to  deiiend  apon  changes  in  the  weather.'  Solely  a 
surplaa  amount  of  water  in  the  soil,  involving  a  deficiency  of  root  aera- 
tion, does  not  produce  the  mosaic  disease,  as  the  writer  observed.  In 
a  field  one  corner  of  which  was  continuously  moist,  the  plants  were  of 
a  uniformly  yellowish-green  all  over,  and  they  were  only  about  half  the 
height  of  the  healthy  plants,  but  there  was  no  trace  of  symptoms  of 
mosaic  ditsease  visible. 

The  diminished  amount  of  chlorophyll  in  mosaic  diseased  plants, 
leading  to  a  diminished  production  of  organic  matter,  soon  shows  its 
effect  in  the  more  or  less  retarded  development  of  the  whole  plant. 
There  is  also  less  coagulable  albumin  and  less  acid  in  the  leaves  of  the 
diseased  plants  than  in  those  of  healthy  ones  of  about  equal  age.  The 
jaices  were  titrated  with  one>tenth  normal  soda  solution  and  the  acid 
calculated  as  malic  acid. 

The  following  amounts  of  malic  acid  were  found  in  a  diseased  and  in 
a  healthy  plant: 


Diseased'  Healthy 
plant.        plant. 


Pith 

Midrib  of  le»r... 
Lamina  of  leaf  a. 


Per  cent.    Per  cent. 
0. 033  0. 033 

.048  .105 


.210 


.277 


a  After  removal  of  midrib  and  large  aide  ribs. 


The  relative  amounts  of  oxidizing  enzyms  also  are  different  in  dis- 
eased and  healthy  leaves.  The  observations  of  the  writer  agree  essen- 
tisdly  with  those  of  Woods.'  Not  only  the  midrib  and  the  pith,  but 
even  the  dead  spots  of  the  diseased  leaves  contain  very  much  oxidase, 
while  the  lamina  contains  much  more  peroxidase  than  that  of  healthy 
leaves.  The  writer  had  occasion  to  observe  tobacco  fields,  just  before 
harvesting  time,  in  Connecticut  and  Massachusetts,  and  was  surprised 
at  the  great  differences  in  the  extent  of  the  disease  even  on  neighboring 
fields.  Some  planters  entertain  the  belief  that  a  too  extensive  use  of 
mineral  fertilizers  favors  the  disease,  and,  indeed,  those  fields  had 
the  least  number  of  diseased  plants  which  had  received  chiefiy  organic 
manure.    Mr.  Du  Bon,  of  Poquonock,  Conn.,  whose  crop  of  nabaua 

'One  cause  may  be  an  insufficient  distribution  of  the  manuring  material.  A 
tobacco  grower  at  Poquonock  set  his  plants  in  a  field  in  which  one  inch  of  earth 
covered  the  cotton-seed  meal  employed  as  manure,  the  latter  not  being  uiiiforiiily 
mixed  witb  the  earth.  On  further  development  more  than  50  per  cent  proved  calico 
plants. 

-Paper  read  before  the  American  Association  for  the  Advancement  of  Science  at 
Colnmbas,  Ohio,  August,  1899.  Other  papers  on  this  disease  have  been  published 
by  Dr.  Wm.  C.  Sturgis,  Conn.  Agr.  Exp.  Sta.  Report  for  18i>8;  further  by  Adolf 
Mayer,  Landw.  Vers.  Stat.,  vol.  32  (1886);  by  Be^erinck,  and  by  Jwanowski,  Centr. 
Bakt,  vol.  5. 
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seed  tobacco  was  in  excellent  condition,  had   applied  per  acre  the 
following  amounts  of  fertilizers  in  the  drill: 

5  cart  loads  horse  manure, 
20  hundredweight  of  cotton-seed  meal, 
500  pounds  of  "  dissolved  bone  black." 
500  pounds  cotton-hull  ashes,  and  every  other  year 
300  pounds  of  lime. 

On  a  field  near  East  Hartford,  Conn.,  many  more  calico  plants  were 
to  be  seen  than  on  another  field  on  the  opposite  side  of  the  road — on 
thd  former  about  8  to  10  per  cent,  on  the  latter  only  about  3  to  4  per 
cent.  This  difierence  might  be  ascribed  to  differently  manured  seed 
beds  or  to  the  different  manuring  in  the  field.  Both  farmers  applied 
horse  manure — the  first,  o  cart  loads  to  the  acre;  the  second,  9  cart 
loads  to  the  acre.  The  former  also  used  10  hundredweight  of  bone  dust^ 
while  the  latter  a])plied  800  pounds  per  acre  of  the  following  mixture: 

150  pounds  of  ammonium  sulphate, 
450  pounds  of  potassium  sulphate, 
640  pounds  pulverized  bone  and  meat, 
600  pounds  of  ''  dissolved  bone  black.'' 

The  latter  had  therefore  applied  not  only  much  more  horse  manure  tt) 
his  field,  but  also  more  of  the  easily  accessible  phosphoric  acid  and 
more  potash  than  the  formerJ 
Mr.  Du  Bon,  a  good  observer,  reported  to  .the  writer  the  following: 

The  calico  disease  maj'  appear  even  in  the  seed  bed,  es}>ecially  when  it  is  too  rich 
in  nitroj^enous  niannro,  but  the  first  two  or  three  loaves  of  the  attacked  plants  are 
generally  normal.  Fresh  soil  that  has  never  served  for  ransing  crops  does  not  pro- 
duce thn  diseah4>  in  the  Heed  bed  nor  does  an  excess  of  moisture,  bnt  too  high  tem- 
perature is  likely  to  produce  it.  Yellow  plants,  stunted  in  the  seed  bed  by  cold 
weather,  never  show  mosaic  disease  in  the  Held.  In  one  case  it  was  ob84!r>'ed  that 
an  acre  and  a  half  ])lanted  with  such  yellow  plants  did  not  show  a  single  ealiro 
plant,  while  the  neighboring  acres,  planted  with  vigorous  seedlings,  developed  ft 
great  many.  Very  vigorous  plants  that  had  been  manured  heavily  with  castor 
pomace  and  were  looking  very  well  showed  much  calico  later  on. 

The  disease  is  not  easily  propagated  through  the  soil  of  the  field. 
Even  twin  plants  may  be  found  where  one  is  much  attacked  and  the 
other  bears  hardly  a  trace  of  the  disease.^  Near  Poquonock  fields  have 
been  used  for  twenty  five  years  uninterruptedly  for  the  culture  of 
tobacco,  and  upon  this  land  thoroughly  healthy  crops  are  now  produced, 
although  formerly  the  disease  wa^s  often  observed.  One  year,  on  a 
piece  of  land  that  contained  12,000  plants,  3,200  calico  plants  were  cnt 
out  with  a  hoe  when  the  plants  had  reached  about  2  feet  in  height 
The  following  year  hardly  half  a  dozen  calico  plants  were  noticed  on 
that  same  plot,  but  these  plants  came  from  a  seed  bed  containing 
new  soil.    The  great  influence  of  the  growth  in  the  seed  bed  on  the 


'  Koning  (Zeitschrift  fiir  Pllanzenkrnnkheiten,  1899,  p.  65)  asserts  that  manuring 
with  kainit  and  Thomas  phosphate  diuiinislies  the  extent  of  the  disease. 

^This  fact  Be<'ms  to  be  in  contradiction  to  the  behavior  of  the  plants  in  the  seed 
beds.     A  satisfactory  explanation  is  wanting. 
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later  development  of  the  disease  is  shown  by  the  following  observation 
of  Mr.  Du  Bon:  ''It  happened  once  that  in  a  portion  of  a  field  every 
other  plant  was  a  calico  plant  and  the  alternating  ones  were  healthy 
plants.  This  remarkable  circamstance  fonnd  its  explanation  in  the  fact 
that  in  the  process  of  machine  planting  two  baskets  were  used  contain- 
ing the  plants  of  two  different  seed  beds,  one  bed  being  in  a  condition 
to  favor  the  disease,  the  other  containing  new  soil.  Two  planters 
worked  here  at  the  same  time.  The  neglect  of  proi)er  pre<;aation  in 
taking  the  young  plants  from  the  seed  bed  may  create  a  tendency  to  the 
disease.''  In  this  connection  Mr.  Barnes,  of  Hatfield,  Mass.,  related 
the  following:  ''Young  plants  were  taken  from  the  same  seed  bed  by 
two  different  farmers,  and,  although  the  soil  of  the  fields  was  the  same, 
one  farmer  had  many  calico  plants  in  his  field  and  the  other  had  almost 
none.  Inquiry  revealed  the  fact  that  one  farmer  took  the  plants  from 
the  seed  bed  when  it  was  quite  dry,  the  other  when  it  was  well 
moistened.  In  taking  the  plants  from  a  dry  bed  one  can  not  help  lacer- 
ating the  roots,  while  from  a  well-moistened  bed  the  roots  may  be 
withdrawn  in  an  almost  intact  condition.  Lacerated  roots  do  not 
generally  develop  again  to  such  a  vigorous  state  as  is  required  by  the 
quickly  growing  tobacco  plants.'' 

For  the  prevention  or  diminution  of  the  disease,  Mr.  Du  Bon  recom- 
Euends  keeping  the  plants  in  the  seed  bed  not  too  warm  and  also  chang- 
ing the  seed  bed.  Beds  that  produce  the  disease  might  be  grown  over 
for  one  year  with  grass,  in  order  to  put  them  in  proper  condition  for 
the  production  of  healthy  tobacco  plants.  While  many  planters  seem 
convinced  that  the  diseased  plants  can  not  recover,  others  claim  that 
by  hoeing  and  stirring  the  soil  well  the  disease  niay  be  cured  in  the 
initial  stage.  Mr.  Barnes,  of  Hatfield,  Mass.,  claims  to  cure  the  disease 
by  lifting  the  whole  plant  a  little  from  the  ground.  In  both  cases  a 
better  aeration  of  the  soil  is  reached.  The  writer  is  not  prepared  to 
confirm  or  contradict  these  statements. 

OBSERVATIONS  ON  CURINa.' 
INTRODUCTION. 

The  curing  period  is  a  time  of  continuous  anxiety  for  the  tobacco 
planter.  Too  dry  weather  stops  all  changes  in  the  leaves,  particularly 
the  development  of  the  proper  color,  while  too  moist  weather,  especially 
at  a  temperature  above  24^  G.  (75^  F.),  favors  the  disastrous  pole 
burn.  The  great  desire  of  the  tobacco  planter  to  become  entirely  inde- 
pendent of  the  weather  by  such  improvements  in  the  barn  <*x)nstruction 
as  will  permit  the  prosier  regulation  of  the  temperature  and  moisture  is 
therefore  reasonable. 

The  general  introduction  of  an  ideal  tobacco  barn  can  be  only  a  ques- 
tion of  time.  If  the  tobacco  is  becoming  too  dry,  steam  should  be 
turned  into  the  building;  and  if  it  is  becoming  too  moist,  dry  heat 


'These  observations  wero  iiia<1e  with  leaf  cureil  ou  the  stalk. 
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shoald  be  applied.    An  a^ricultaral  journal  describes  such  a  bam  as 
follows: 

The  barn  is  what  is  called  a  "three-bent"  shed.  There  are  three  rows  of  beams, 
one  through  the  center  and  one  on  either  side.  A  2-inch  steam  pipe  follows  the  oat- 
side  beams  around  the  shed.  This  is  believed  to  be  snfficieut  to  supply  the  neces- 
sary heat  to  the  whole  building.  The  tobacco  in  the  extreme  outside  of  the  shed 
rarely  suffers  from  the  pole  sweat.  The  tobacco  through  the  center,  and  especially 
that  low  down,  is  always  the  worst  affected,  and  the  pipes  arc  arranged  to  throw  the 
most  heat  into  that  part  of  the  building.  If  the  experiment  proves  a  success  in  pre- 
venting pole  sweat,  the  time  is  soon  coming  when  artificial  heat  will  be  used  entirely 
in  curing  tobact^o,  for  the  oven  temperature  and  moisture  that  can  be  obtained  are 
just  what  is  needed  for  a  perfect  cure. 

As  the  curing  proceeds  an  alternating  change  from  the  moist  to  the 
dry  condition  of  the  leaves  takes  place,  according  to  the  atmospheric 
conditions.  Practical  experience  has  i)royed  that  a  frequent  change  of 
this  kind  is  desirable.'  This  agrees  also  with  the  theoretical  inference. 
There  is  more  oxidase  in  the  ribs  than  in  the  mesophyll,  and  by  the 
alternate  drying  and  moistening  the  evaporation  from  the  surface 
causes  a  current  of  juice  to  pass  from  the  ribs  to  the  mesophyll  cells. 
This  migrating  juice  finally  distributes  most  of  the  oxidase  from  the 
bundle  sheath  and  sieve  tissue  uniformly  through  the  leaf.  It  is  there- 
fore desirable  to  have  the  ribs  keep  alive  much  longer'  than  the  rest  of 
the  leaves,  since  deau  and  dry  ribs  would  not  support  the  process 
indicated. 

As  long  as  all  the  cells  of  a  leaf  are  alive  a  current  of  organic  mat- 
ter—e.specially  sugar,  and  also  to  a  small  degree,  amido  componuds — 
tukes  the  opposite  direction,  namely,  from  the  lamina  to  the  ribs.  Grad- 
ually this  function  stops,  since  a  state  of  starvation  sets  in  when  the 
starch,  in  the  form  of  sugar,  has  been  transported  to  the  stalk  and 
consumed  by  respiration.  The  decrease  of  soluble  albumin  in  the  cur- 
ing process  is  much  slower  than  the  decrease  of  starch.  Even  after  a 
fortnight  a  moderate  amount  is  left,  and  with  single  cured  leaves,  even 
after  four  weeks,  some  traces  of  it  were  found  in  the  tissues. 

DEC'REASE   OF   ACIDITY. 

It  is  an  interesting  fact  that  the  acid  reaction  decreases  in  the  lamina 
as  the  caring  proceeds,  as  shown  by  the  following  table.  For  200  sq. 
cm.  there  was  required  the  following  amounts  of  one-tenth  normal  soda 
solution : 


Date. 


AllgllHt   I 

August  8  .... 
AllgllHt  14  ... 
Se]>teinber  26 


Uppcnnofit 
leaves. 


Lower 
lea^'es. 


e.e. 

ce. 

3.8 

3.0 

8.3 

2.3 

15 

1.8 

1.7 

.9 

'  Keport  No.  <>2  (p.  12),  II.   S.  Department  of  Agriculture,  by  MarcuH  L.  Hoycl. 
This  report  aUo  contains  views  on  tlie  best  conHtruction  of  tbe  URual  barns. 
•'I'he  midrib  may  remain  alive  for  three  weeks  and  over. 
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At  the  end  of  the  curing  process  the  ainoant  of  free  acid  for  a  given 
surface  was  therefore  reduee<l  considerablyJ  A  x)ortion  of  the  acid 
may  have  passed  into  the  stalk,  another  portion  may  have  been  com- 
pletely oxidized,  and  another  iday  have  been  nentralissed  by  ammonia 
formed  in  the  destructive  action  of  oxidizing  enzyms  on  nitrogenous 
compounds.  In  the  subsequent  sweating  process  the  liberation  of 
ammonia  is  more  energetic,  and  neutralizes  the  rest  of  the  acid.  The 
decrease  of  acidity  in  the  curing  process  is  of  practical  importance, 
since  the  following  sweating  process  will  set  in  with  sufficient  energy 
only  when  the  reaction  is  nearly  neutral.  The  practi(;e  of  the  tobacco 
manufacturers  in  Florida  of  applying  a  spray  of  ammonium  carbonate 
solution  when  the  ^^  heaps  will  not  heat  up  well"  is  therefore  in  accord- 
ance with  the  scieutiiic  inference. 

HBHAVIOB  OF  THE  OXIDIZINO  ENZYMS  IN  THE  CUBING  PBOGESS. 

In  a  normally  conducted  curing  process,  whether  curing  single  leaves 
or  curing  on  stalk,  the  oxidase  and  peroxidase  are  well  preserved.    This 
is  not  the  case  under  conditions  unfavorable  to  a  normal  curing.    The 
oxidase  especially  loses  its  active  character  more  or  less.     Flue  curing 
seems  just  as  injurious-  as  prolonged  moist  weather.    The  acidity  in 
the  leaves  is,  according  to  the  writer's  ()l)servation,  generally  too  weak 
to  cause  injury;  but  the  occasional  entrance  of  too  much  sunlight  into 
the  barn  may  diminish  the  oxidase  in  the  exposed  leaves.    Reynolds 
Green,  and  Brown  and  .Morris  have  shown  that  enzyms,  as,  for  example, 
diastase,  are  injured  by  exposure  to  direct  sunlight,  while  with  regard 
to  the  action  of  water  it  has  been  shown  by  Laborde  that  a  gradual 
destruction  of  oenoxidase  takes  place  within  twelve  days  by  self-oxida- 
tion when  it  is  dissolved  in  water  and  exposed  to  air.    There   can 
hardly  be  any  doubt  that  much  water  retained  for  a  certain  time  in 
the  curing  leaves  of  the  barn  will  favor  self  oxidation  of  the  tobacco 
oxidase.    This  is  also  shown  by  the  following  test. 

A  large  upper  leaf  was  placed  in  a  covered  glass  cylinder  contain- 
ing some  water,  to  insure  an  atmosphere  saturated  with  water  vapor. 
After  being  kept  in  darkness  for  a  week  at  from  22°  to  28^  C,  compari- 
son with  a  nonnal  leaf  showed  less  oxidase  in  the  parenchyma  of  the 
leaves  so  treated  than  in  that  of  equally  old  fresh  leaves  of  the  same 
plant,  while  with  the  veins  the  difference  was  not  so  marked.  On  the 
other  hand,  no  decided  decrease  of  peroxidase  could  be  noticed. 


'In  the  pith  and  bark  no  decrease  of  acidity,  but,  on  the  contrary,  a  slight  increase 
was  observed  daring  the  first  two  weeks  of  curing.  Further  it  may  be  mentioned 
that  the  acidity  seems  to  decrease  more  slowly  when  the  leaves  are  single  cured  than 
when  cured  on  stalk.     Only  one  test  w^as  made,  however,  in  regard  to  this. 

'Fluo  caring  is  mainly  used  in  the  curing  of  the  bright  yellow  tobacco  of  Vir- 
ginia, Tennessee,  and  North  and  South  Carolina.  The  teuiperature  reached  thereby — 
71-79"^  C.  ( 160-175'^  F. ) — is  detrimental  to  the  oxidase.  Such  tobacco,  however,  is  not 
BQbjected  to  sweating. 
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Furthermore,  according  to  Mr.  Marcus  L.  Floyd,  it  is  a  kuo^¥ii  fact 
that  tobacco  too  long  ^'in  case"'  because  of  prolonged  moist  weather 
will  sweat  but  very  imperfectly.  The  poorly  sweated  crop  of  1898  in 
Connecticut  also  showed  much  '^canker"  and  ^'pole  bum,"  conditions 
favored  by  too  moist  weather. 

When  it  happens  that  tobacco  does  not  sweat  well,  or  even  not  at  all, 
it  may  be  too  acid  or  may  have  lost  its  oxidizing  enzyms  throag^h  irreg- 
ularities in  the  curing  barn,  or  it  may  be  too  poor  in  the  proper 
oxidizable  material.  The  writer  was  assured  by  tobacco  growers  of 
Oonnecticut  and  Massachussetts  that  tobacco  grown  in  very  dry  years 
is  incapable  of  sweating;  1871  was  such  a  year.  Even  the  transpor- 
tation of  the  tobacco  to  the  West  Indies  and  back,  an  experiment  tried 
by  Mr.  Barnes,  of  Hatfield,  Mass.,  to  enforce  a  natural  sweat,  did  not 
change  the  rank  smell  of  the  cured  to  the  aromatic  odor  of  sweated 
tobacco. 

The  writer  was  informed  in  Lancaster,  Pa.,  that  the  crop  raised  there 
in  1881  required  nine  years  to  reach  the  proper  quality  by  means  of  the 
natural  sweat.  Here  probably  a  gradual  oxidation  without  oxidases 
has  produced  finally  a  result  similar  to  that  reached  in  a  short  time  in 
presence  of  the  oxidizing  enzyms. 

Since  it  is  the  energetic  oxidation  in  the  sweating  process  that  yields 
a  cigar  leaf  of  superior  quality,  it  must  form  one  of  the  principal  aims 
of  a  tobacco  farmer  to  preserve  the  oxidizing  enzyms  while  the  tobacco 
is  curing  in  the  barn.  In  the  process  of  sweating,  however,  there  is 
generally  a  gradual  decrease  of  oxidizing  enzyms  going  op,  the  high 
temperature  favoring  not  only  the  action  of  these  enzyms  on  oxidizable 
material,  but  also  the  oxidation  of  the  enzyms  themselves.  ^  Practical 
experience  long  ago  found  it  necessary  to  take  apart  and  rebuild  the 
fermenting  piles  as  soon  as  the  temperature  reached  about  6(P  G. 
(140°  F.).  Indeed,  if  the  temperature  be  allowed  to  rise  much  higher 
there  would  be  a  rapid  decrease  of  oxidase,  and  all  the  improvements 
hoped  for  would  come  to  a  premature  end.^  The  relative  amount  of 
water  in  the  fermenting  piles  or  cases  will  also  exert  an  influence.  The 
peroxidase  suffers  less  than  the  oxidase,  but  the  former  is  probably  of 
very  much  less  importance  than  the  latter  in  the  sweating  process. 
Investigations  on  this  point  will  be  carried  on  at  some  later  time  when 
occasion  offers. 

TESTS  FOB   OXIDASE   AND    PEROXIDASE  IN   CUBED   AND    FERMENTED 

TOBACCO. 

In  regard  to  the  tests  for  these  enzyms  it  must  be  pointed  oat  that 
from  the  absence  of  oxidase  in  a  tested  sample  it  does  not  necessarily 
follow  that  all  of  the  leaves  from  the  same  curing  barn   would  be 


'A  full  account  of  the  temperature  changes  in  fermenting  piles  of  cigar  leaf  tobacco 
is  given  in  Report  No.  60,  U.  S,  Department  of  Agriculture,  by  Milton  Whitney  and 
Thomas  U.  Means. 
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devoid  of  it.  It  may  be  that  the  leaves  tested  came  from  near  a  bam 
door  which  was  perhaps  freciUCDtly  opeued,  thus  freely  permittiug  the 
destructive  action  of  the  sunlight.  Therefore  in  controlling  a  curing 
crop  in  the  barn  leaves  should  be  tested  not  only  from  near  the  wall, 
but  also  from  the  more  central  part  of  the  barn. 

The  test  was  at  first  made  in  the  following  manner:  The  tobacco 
leaf  was  deprived  of  the  large  ribs,  and  after  drying  at  a  temperature 
of  40^  C.  {IO40  F.)  was  very  finely  pulverized.  One  gram  of  this  dry 
powder  was  mixed  with  20  c.  c.  of  water  and  left  to  stand  for  five 
hours  in  an  Erlenmeyer  fiask  at  the  ordinary  temperature.  To  10  c.  c. 
of  the  filtrat-e  a  few  drops  of  an  alcoholic  solution  of  gnaiac  resin  were 
added  and  the  mixture  was  left  to  stand  for  ten  minutes,  with  moderate 
shaking.  A  blue  coloration  indicated  the  presence  of  oxidase.  Since, 
however,  the  brown  color  of  tlu^  tobacco  extract  is  often  so  dark  that  it 
interferes  with  the  recognition  of  a  weak  blue  reaction,  it  was  found 
preferable  in  such  cases  to  pour  gnaiac  tincture  cautiously  on  the  sur- 
face of  the  tobacco  extract,  avoiding  a  thorough  mixing.  The  blue 
eolor  will  soon  appear  as  a  ring  on  the  surface  of  contact  of  both 
ti()uids.  If,  however,  no  blue  coloration  appears,  a  few  drops  of  i)erox- 
icle  of  hydrogen  are  added.  A  blue  coloration  in  this  case  is  due  to 
the  presence  of  peroxidase.  In  order  to  test  for  the  peroxidase  in 
presence  of  the  oxidase  in  the  tobacco  extract,  it  is  necessary  to  heat 
the  liquid  for  three  minutes  to  TO'^O.  (158o  f.)  i„  order  to  first  kill  the 
oxidase  before  the  test  for  the  ])eroxidase  is  made.  Gnaiac  solution  in 
presence  of  peroxide  of  hydrogen  is  now  left  to  act  on  the  cooled 
solution.    The  bine  reaction  for  ])eroxidase  sets  in  at  once. 

Some  additional  remarks  may  be  made  on  the  tests  with  gnaiac 
resin.  A  solution  of  guaiacuni  resin  is  prepared  by  dissolving  at  the 
ordinary  temperature  2  grams  in  100  c.  c.  of  absolute  alcohol.  This 
tincture  must  be  kept  cool  and  in  the  dark,  and  be  renewed  from  time 
to  time,  since  the  active  principle,  the  gnaiaconic  acid,  is  otherwise 
^dually  oxidized.  Old  tincture  will  soon  turn  bluish  on  addition  of 
hydrogen  |)eroxide  alone.  Attention  must  be  paid  to  the  reaction  of 
the  liquid  to  be  tested,  which  must  not  be  alkaline  but  neutral  or  slightly 
acid,  and  also  to  the  quality  of  the  resin,  since  worthless  kinds  exist  in 
the  market.  A  normal  resin  must  yield  an  intense  blue  color  with 
highly  dilutenitrons  acid.  Only  the  interior  parts  of  transparent  pieces 
of  gnaiacum  resin  should  be  selected  for  preparing  the  tincture  of 
guaiac.  It  is  of  no  particular  advantage  to  use  the  gnaiaconic  sicid, 
instead  of  the  resin  itself. 

An  attempt  has  been  made  to  disqualify  gnaiacum  resin  as  a  reagent 
for  oxidizing  enzyms  on  the  ground  that  nitrous  acid,  ferric  chloride, 
and  other  oxidizing  mineral  compounds  also  yield  a  blue  reaction. 
Such  objections  are  groundless  when  fresh  organized  tissues  are  under 
investigation.  Other  oxidizing  influences  are  easily  recognized  by 
control  tests,  which  the  careful  worker  will  not  omit  to  make.    The 
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assertion  that  albumin  and  gelatin  give  the  reaction  is  erroneous.  On 
the  contrary,  egg  albamen  impedes  or  prevents  the  oxidase  reaction  on 
guaiacam,  as  does  also  much  tannin.  It  may  be  added  here  that  among 
other  snbstances  silver  nitrate  also  yields  a  blue  coloration,  especially 
in  presence  of  a  very  small  amount  of  ammonia. .  Such  blue  reactions 
are  not  restricted  to  certain  limits  of  temperature  as  the  reactions  of 
oxidizing  enzyms  are. 

Still  more  attention  to  control  tests  must  be  paid  when  materials 
which  are  not  fresh  are  to  be  tested;  for,  while  the/resh  tobacco  leaf 
never  contains  nitrites,  sweated  tobacco  may  contain  them.  This  most 
be  considered  when  the  tests  are  made  with  sweated  tobacco.  ^See  on 
this  point  also  page  55  of  this  report.) 

The  following  tests  were  made  with  samples,  not  collected  iMsrsonally, 
but  received  by  mail. 

Tobacco  cared  but  not  sweated. 


A.— SAMPLES  FROM  MARYLAND. 

[Tho  saniplea  were  grown  in  1898  on  the  farm  of  the  Maryland  Agricultural  Experiuont  Statwn. 

Only  the  last  mentioned  was  from  another  locality.] 


Date. 

Sample.                             OxJdaae. 

Peroxidase. 

Bemskrks. 

1899. 
Mar.  13 

Connecticut  Reed  leaf 

a)  Lowland  plot 

(b)  Upland  plot 

None 

Moderate 

Trace 

do 

13 

Habana  seed 

Moderate  . , , .  - 

Much... 

Cured    withoufc   Artiflirul 

13 

Sumatra  soed 

Less  than  Habana.. 

heat. 

13 

Vuelta 

None 

Much 

13 

Pardidos 

Moderate 

do 

18 

Maryland  broad  leaf 

Virginia 

Slight 

Moderate 

Intense 

Moderate 

Trace 

18 

MMerate 

None 

do 

18 

Sumatra  seed 

18 

Connecticut  broad  leaf. . . 

All  subjected  to  the  flue- 
curing  process. 

18 

HfthAIlA  HAf*d -  . 

do 

Moderate 

do 

18 

Pardidos . 

do 

Apr.   4 

Maryland  tobacco 

do 

do 

* 

B.— SAMPLES  FROM  KENTUCKY.    (CROP  OF  1898.) 


Mar.  13 
13 
20 


White  burley  lugs 

do , 

Burley  grade  red  leaf — 


None  .... 
Moderate 
None 


Moderate 

Much 

Little.... 


Single-leaf  cured. 
Cured  on  stalk. 
Do. 


C— SAMPLES  FROM  PENNSYLVANIA.    (CROP  OF  1898.) 


Mar.  20 

20 
20 
20 


Pennsylvania    Habana     Moderate 
seed.  I 


Habana  seed 

Pennsylvafuia  seed  loaf.. 
Seed  leaf .. 


Trace 

Moderate 
do... 


Much. 


Moderate 

do... 

do... 


Seed  wrapper. 

Seed  filler. 
Wrapper. 
FUIer. 
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Tobacco  cured  but  not  aweaied — Continued. 


MISCBLLANEOUS  SAMPLES. 


Date. 


18M. 
Febi  22 

Aof.  13 

Ort.   20 

20 


D*e.  12 

Oct    18 

U 

18 
18 
18 
18 


Sample. 


Wiacmmin  toVaooo  (Sol- 
diers' Grove). 

Florida  Habana  seed 
(Quincy). 

Hatfield,  Mass 


Oxidase. 


Poqnonock,  Coim 
Ada»Tex 


.do 


R&leifrh,  N.  C 

Elinira,N.Y. 

do 


None  . 
Mnch. 


do 

do 

Ifone  . 


.do 


.du 


Moderate 


Peroxidase. 


None 


Remarks. 


Mnch Crop  of  1806. 


.do '  SiDffle-leaf  cnred  (1806). 


do 


do.. 

Virginia 

.'.'.'.'.doV. 


Tmce. 
Little. 
do 


.do 1890  crop,  stalk  cnred. 

Trace ISOOcrop.  This  sample  had 

white  veins. 

Moderate i  This  tobacco  was  cnt  after 

j      being  "drowued  or  scald- 
ed, "a  and  was  stripped 
before  it  was  completely 
cured. 
Was   fine  cured ;   crop  of 

1809. 
Medinm  weight  and  color; 


Trace. 


Much. 


.do 

.do 


do... 

Moderate 


cigar  type;  crop  of  1890. 
Dark,  heavy;  cigar  type. 
Lijj^ht  weight  and   color; 

cigar  type. 
Dark,  heavy ;  plug  type. 
Medium  dark ;  crop  of  1899. 


Trace Much Light  weight,  dark. 


s  This  drowned  or  scalded  state  is  |>rodiioetl  when  after  several  days*  heavy  rain  very  warm  and 
Btmuy  days  follow;  the  leaves  soon  wilt. 

Tobacco,  cured  and  Bweated, 
A.— SAMPLES  FROM  KENTUCKY.    (CROP  OF  1898.) 


Date. 


Sample. 


Mar.    7     Tobacco  from  Hopkins- 
ville,  Ky. 


7   do 

7   do 

7    do 


Oxidase. 


None. 


Slight  trace. 

do 

do 


Peroxidase. 


Remarks. 


Trace |  New«gronnd     tobacco; 

I      plantedMay  14 ;  cut  Aug. 

10;  fired  lightlv;  bulked 

Nov.  21. 
Moderate New-ground  tobacco :  fired 

heavily,  bulked  later. 
Much Old-ground  tobncco;  flrcd 

heavily;  bulke<I  Dec.  10. 
do Same  as  former,  butbulked 

later. 


B.-SAMPLES  FROM  OHIO.    (CROP  OF  1898.) 


law. 

Sept.  24 
24 


Ziramer  Spanish 
do 


None  . 
do 


Trace 

Moderate. 


C SAMPLES  FROM  CONNECTICUT.     (CROP  OF  1898.)  a 


1899. 
S«pt.  21 
21 

21 

21 

21 
21 
21 


Gastonbnry  broadleaf  . . . 

South  Windsor  broad- 
leaf. 

East  Windsor  Hill  broad- 
leaf. 

Sonth  Windsor  broad- 
leaf. 

Windsor  Habana  seed . . . 

Portland  Habana  seed  . . . 

Poqoonock,  Conn.,  Ha- 
bana seed. 


None  . 
do 


.do 
.do 
.do 


None  . 
Much 

Trace 

Much. 


Moderate 


do Much. 

Moderate I do . 


Light  wrappers. 
Do. 

Do. 

Dark  wrapi»er«. 

Do. 
Do. 
Passed  through  the  iiutn- 
ral  sweat. 


aOne  sample  of  1893  crop,  grown  at  Canton,  Conn.,  Bhowe<l  no  trace  of  oxidase  or  peroxidase. 

20914— No.  65 3 
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TohaccOt  cured  and  noeaied — Contlnned. 
MISCELLANEOUS  SAMPLES. 


Date. 


1899. 

Mar.    4 

4 

Sept  25 

25 

25 

25 

Nov.    1 


Aag.  18 

18 
18 

18 

Dims.   — 


Sample. 


Maryland  iobaooo,  Jewell 

Yirginia 

Wiaconsin 

LititK,  Pa.,  broadleaf 

Lititz,  Pa.,  HabaDaseed. . 
Hattield,  Mass.,  broad- 
leaf. 
Ohio  Zimmer  Spanish  . . . 


Ohio  Little  Dutch 

Hatfield,  Maes.,  Habana 
seed  long  wrappers. 

Hatfield,  Mass.,  sackers. 
Hatfield.  Mass.,  top  of 

suckers. 
Hatfield,  Mass.,  ground 

leaves. 

Bemedios,  Cuba 

PardidcCuba 

Haiti 

Puerto  Rico 

Puerto  Rico 


Oxidase. 


None 

do.... 

do.... 

do.... 

do.... 

Moderate 


None 


....do 
Much. 


Moderate 
do... 


Little. 


None  . 
....do 
Trace. 
None  . 
do 


Peroxidase. 


Remarks. 


Trace. 
Much. 

None . 


Much. 
do 


....do... 
Moderate 


.do 


Much , 

Slight  trace.. 

Much 

Moderate .... 
do 


1898  crop. 

Fine  cured;  1896  crop. 

1897  crop. 

1893  crop. 

1897  crop. 

1888  crop,  single-leaf  cored. 

Stalk  cured,  crop  of  1898, 

firom  Ohio. 
From  Ohio. 

Single- leaf   cured    and 
sweated  in  cases  al  hJOP 
F.     1896. 
Do. 
Do. 

Do. 

Crop  of  1809. 

Da 
Poor  grade,  1899. 
Best  grade. 


We  learn  from  these  tables  that  the  flae-cniing  process  is  anfavor- 
able  for  the  preservation  of  the  oxidizing  enzyms,  and  that  sweated 
tobacco  has  frequently  lost  its  entire  content  of  oxidase,  while  the  per- 
oxidase is  more  resistant  under  the  conditions  of  the  sweating  process. 
From  the  absence  of  oxidase  in  fermented  leaves  no  conclusion  can,  of 
course,  be  drawn  as  to  its  amount  before  the  sweating  was  begun. 
The  more  intensely  the  sweating  process  is  carried  on,  the  more  of  these 
oxydizing  enzyms  will  be  destroyed. 


TEST   FOR  CATALASE   IN   VARIOUS  TOBACCOS. 

With  regard  to  catalase,  the  third  oxidizing  enzym  of  tobacco  men- 
tioned above  (page  22),  some  experiments  were  made  on  various  samples 
of  cured  and  sweated  tobacco  to  determine  the  amount  of  oxygen  devel- 
oped by  it  from  hydrogen  peroxide  in  from  fifteen  to  forty  minutes. 
From  the  energy  of  this  action  inference  may  be  drawn  as  to  the  rela- 
tively larger  or  smaller  quantity  of  the  enzym  in  different  samples. 
Tobaccos  that  had  been  fire-cured,  as  the  plug  tobaccos,  contain  in 
most  cases  neither  oxidase,  peroxidase,  nor  catalase.  Such  samples 
examined  were  bright  yellow  Virginia,  black  African,  and  English  olive- 
green  leaf.  A  sample  of  Burley  tobacco  showed,  however,  slight  traces 
of  peroxidase  and  catalase.  Since  the  temperature  in  this  cuiinf^ 
method  often  rises  as  high  as  82^  0.  (180o  F.)  these  observations  do  not 
surprise  us.  Also  a  flue-cured  sample  of  yellow  tobacco  from  Korth 
Carolina  did  not  show  traces  of  the  three  enzyms.  Such  tobaccos  are 
not  intended  for  cigars  and  are  not  submitted  to  the  sweating  process, 
hence  the  absence  of  the  oxidizing  enzyms  is  here  not  of  any  conse- 
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qnence.  But  there  are  also  conditions  in  the  nsnal  treatment  of  cigar 
tobaoeo  which  may  injure  the  catalase.  Thas  no  trace  of  it  was  fouDd 
in  one  sample  of  sweated  tobacco  from  Counecticat  of  1897.  In  most 
eases,  however,  catalase  is  retained  in  the  sweated  cigar  tobacco  for  a 
iDQch  longer  time  than  either  oxidase  or  peroxidase. 

The  comparative  tests  for  a  and  p  catalase  were  carried  out  in  the 
following  way:  The  air-dried  samples  were  very  finely  powdered  after 
removal  of  the  midrib.  After  remaining  twenty-four  hours  iu  an  exsic- 
cator 2  grams  were  extracted  for  five  hours  with  40  c.  c.  of  water  at  the 
ordinary  temperature  with  frequent  shaking,  and  then  filtered  through 
filter  paper.  Twenty  cubic  centimeters  of  the  filtrate  were  mixed  with 
5  c  c.  of  neutralized  commercial  hydrogen  i)eroxide.  The  development 
of  oxygen  by  the  soluble  or  /^catalase  commences  a  few  seconds  after 
mixing.  Then  the  extracted  tobacco  XK>wder  was,  after  washing,  sus- 
landed  in  30  c.  c.  of  water  and  10  c.  c.  of  hydrogen  peroxide  added. 
The  oxygen  here  developed  was  due  to  the  action  of  the  insoluble 
or  a  catalase.  The  proportion  of  the  developed  oxygen  gradually 
decreased  in  all  cases  after  a  short  time,  since  the  hydrogen  peroxide 
in  the  concentration  applied  oxidized  and  killed  the  enzym  rather  soon. 
The  reaction  was  promoted  by  moderately  shaking  the  fiask. 

In  those  cases  in  which  after  a  rapid  development  of  oxygen  gas  an 
early  stop  was  noticed  a  second  dose  of  hydrogen  peroxide  was  added, 
which  was  repeated  as  often  as  found  necessary  until  the  reaction  had 
been  carried  on  for  a  given  time. 

It  will  be  noted  from  the  method  of  testing  just  described  that  the 
data  relating  to  yS-catalase  are  obtained  from  1  gram  of  tobacco;  those 
relating  to  a-catalase  from  2  grams. 

Thus  tai  no  data  are  known  that  would  enable  us  to  calculate  the 
absolute  weight  of  catalase  from  a  certain  volume  of  oxygen  developed 
in  a  given  time  by  che  decomposition  of  hydrogen  peroxide.  But  quite 
generally  we  might  make  the  following  distinction  as  to  relative  quan- 
tities. The  amount  of  a-catalase  is  small  when  under  the  above- 
described  conditions  less  than  50  c.  c.  oxygen  are  developed  in  fifteen 
nunntes  by  2  grams  of  tobacco;  it  is  moderate  when  between  50  and 
200  c.  c.  are  developed,  and  high  when  the  volume  rises  above  200  c.  c. 

As  to  )9-cataiase  the  amount  may  be  called  small  when  less  than  20 
c-  c.  of  oxygen  are  developed  in  fifteen  minutes  by  1  gram  of  tobacco; 
inoderate,  at  20  to  100  c.  c,  and  high,  when  the  volume  rises  above  100. 
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Oxygen  developed. 


Sample. 


Connecticut  broad- 
Iciif. 


Florida,  1897. 


Maryland  ainoker, 
18^8. 


Ohio  Zininicr  Spanish  < 


WiaconHin,  crop  of 
1897,  "(Jummy" 
Icnives. 


Pennsylvania 


Remedies,  Cuba. 


Pardido  district,  Cuba 


Puerto  Kico. 


Time  of 
develop- 
ment. 


MintUes. 

5 
10 
15 
30 

5 
10 
15 
20 
40 

6 
10 
15 
30 

5 
10 
15 
20 

5 
10 
15 
20 

5 
10 
15 
20 
30 
40 

5 
10 
15 
20 

5 
10 
15 
20 
40 

5 
10 
15 


By  a- 
catolase. 


Byp- 
catalase. 


c.  e. 


22 
34 
42 
66 
32 
45 
76 
84 


12 
22 
28 
36 
108 
174 


28 
40 
46 
49 
32 
50 
67 
76 
86 
80 
27 
44 
60 
71 
14 
20 
24 
27 
36 
16 
20 
25 


OxIda>(o. 


Pemxi- 
datse. 


KemarkA. 


Much. 


Cnred,  1880,  bat  b«I 
sweated. 


c.  c. 

1.0    

1. 8  Moderat*' . 

2.0  ■ 

2.0    

13.0   '  Some 

10.4  None \ 

26.5    1 >Swoated  in  bulk. 

29.0 
36.8 


8.2 
11,8  ' 
13.2 


17.1 

32.0 

40.5 

45.2 

1.0 

1.7 

1.9 


None 
None 
None 


' I Light-<?olored,  tltia 

None  !  ■'  f    *®'**''  «''®»*o<l 


I     slightly  in  bulk. 


Trace. 
None  . 


Crop  of  1 697,  a  weatc4 
iu  bulk. 


i 


4.2 


None 


16.3 


Moderate 


Natural  sweat. 


Pateed  throu|rh  tbe 
.f  "natural"  aveat> 
11     1898  crop. 


None 


3.2 
6.1 
7.5 

8.0  I 

8  2 
ll!o     None 

14.0  , 

15.1    


Much . 


3.5    

4.4    

5. 1     None 


>Swei 


Traca. 


eated,  1899. 


>Sweat«<l.  isas. 


Little 


^ 


SweatMl.  1889. 


It  was  thought  that  it  would  also  be  of  iuterest  to  test  cigars 
of  commerce  for  oxidizing  enzyms.  Of  the  samples  procured,  which 
were  probably  of  very  difiPerent  ages,  Dot  one  contained  oxidase  or  per- 
oxidase,  but  catalase  was  present  in  all,  although  the  amount  differed 
considerably  to  judge  from  the  energy  with  which  hydrogen  peroxide 
was  decomposed.  As  to  cigarette  tobacco,  five  different  bran<ls  of 
cigarettes  were  examined,  viz,  Old  Dominion,  Sweet  Gajioral,  Gold  Leaf, 
Chesterfield,  and  Egyptian  Prettiest,  but  only  in  the  last  named  was 
any  catalase  found. 

Oxygen  devclopid  in  fifteen  minutes. 


Cigar  sample8. 


Price. 


ArenA 

Uaranetts 

Maninie  L *. 

Lnc ke  Rolle4l 

Union  (ilorj' 5  cents 


3  for  5  cont«  . 
2  for  5  centB  . . 


5  cents. 


La  Vuliar 

Ilcrbert  Siwncer  — 

General  Arthur 

No  name 

Do 

Do 

Do  .    

Do 

Ejxyptian  eigarottca. 


10  cents 

do 

do 

2  cents  a  piece. 
5 cents  a  piece. 

do 

do 


By  a-cata- 

\  ^^> 

6-cata 

lase. 

1 

laao. 

c.c. 

c.c. 

91 

S.5 

520 

41.0 

71 

1X2 

41 

l&O 

85 

&• 

26 

2.0 

273 

29.5 

304 

13.3 

61 

8wS 

102 

17.5 

108 

S.S 

32 

Xt^ 

241 

55. « 

36 

10 

37 

It  will  be  noticed  from  this  table  that  there  is  no  direct  relation 
between  the^  commercial  valae  of  a  tobacco  sample  and  its  catalase 
content.  On  the  one  hand,  however,  it  may  be  said  that  a  comparatively 
high  content  of  Bolnble  or  /^-catalase  would  be  indicative  of  this  tobacco 
having  been  snbjected  to  a  sweating  at  a  higher  temperatare,  since  the 
umuonia  developed  renders  some  catalase  soluble.  Farther,  since  a 
thorough  sweat  is  essential  for  the  development  of  aroma,  a  high  content 
of  soluble  or  yd-catalase  would  indicate  an  improved  aroma,  other  things 
being  equal.  On  the  other  hand,  it  might  be  inferred  that  a  sample 
oontaining  very  little  soluble,  but  comparatively  much  insoluble  catalase 
(flee  No.  11  of  the  above  table),  has  passed  only  through  the  natural 
vweat  and  could  be  improved  by  a  subjection  to  sweating  in  bulk 
ifter  petnning  with  a  very  diluted  solution  of  ammonium  carl)onate. 

In  order  to  reach  a  reliable  estimate  of  the  extent  of  the  transforma- 
tion of  the  insoluble  into  the  soluble  catalase  by  the  sweat  only  leaves 
of  equal  age  and  very  similar  to  each  other  should  serve  for  compari- 
son. A  cured  leaf  can  not  be  compared  with  a  sweated  leaf  of  the 
same  crop  when  the  former  happens  to  be  a  lower  or  sand  leaf  and  the 
latter  an  upper  leaf.  Neither  can  thin,  strawy  leaves  be  compared  with 
gammy  leaves,  since  the  differences  between  these  are  very  great  in 
regard  to  their  enzym  content.  Thus,  a  not  sweated,  very  thin,  prob- 
ably a  sand  leaf,  yielded  in  fifteen  minutes  by  the  above  test  7.7  c.  c.  oxy- 
I  geii  for  tbe  soluble  enzym  and  69  c.  c.  for  the  insoluble,  while  a  sweated, 
f  gummy  leaf  of  the  same  crop  yielded  147  c.  c.  and  360  c.  c.  oxygen, 
I  respectively.  There  can  bo  no  doubt,  however,  that  the  above  tests, 
!  jndicioosly  carried  out,  may  prove  of  practical  value  in  certain  cases 

In  order  to  obtain  comparable  results,  and  to  eliminate  the  factor  of 
individual  diiferences,  upper  leaves  which  can  be  distinguished  by  their 
heavier  body  were  picked  out  of  a  lot  of  cured  leaves  and  of  a  lot  of 
leaves  sweated  in  bulk,  of  the  same  crop.^  After  moistening  them  a 
little  they  were  lefb  over  night  until  they  became  pliable,  whereupon 
they  were  spread  out  and  the  adhering  sand  carefully  brushed  off.  The 
central  portions  of  12  leaves  were  then  deprived  of  the  midrib,  and 
after  drying  at  40^  0.  (104o  F.)*  finely  pulverized.  Two  grams  each  of 
this  powder  were  weighed  out,  and  the  tests  carried  out  as  above  men- 
tioned.   The  result  was  as  follows: 

Oxygen  developed  in  thirty  minutes. 

By  ^-cata• 
laae. 


e.e. 

Cand  bat  not  sweated,  fiUorlcaros 1S8  16.5 

Onrcd  and  Bw^eKtod,  filler  leavos 634  236.0 


Prop<vtions  of  the  volumea  of  oxygen 1:4  1 :14. 3 


'This  tobacco,  raised  in  1899,  came  from  the  Experimental  Farm  of  the  Conn. 
£xpt.  Sta.  in  Poquonook,  Conn.  The  curing  was  there  supported  by  a  careful 
^plication  of  artificial  heat,  and  supervised  by  Dr.  E.  H.  Jenkins. 

'Tobacco  kept  at  that  temperature  in  a  drying  box  does  not  become  completely 
^--still  retainB  4  to  5  per  cent  moisture. 
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We  notice  fh)iD  these  figures  not  only  an  enormous  increase  of  ft- 
catalase,  bat  also  a  considerable  increase  of  ^r-catalase.  It  had  been 
observed  twice  before  by  the  writer  that  the  ^-catalase  also  was 
increased  in  the  sweated  sample  as  compared  with  the  cared  sample. 
He  ascribed  this  circumstance  to  accidental  differences  in  the  leaf 
charaeter.  But  this  supposition  has  to  be  abandoned  in  view  of  the 
above  figures  obtained  from  average  samples.  The  only  explanation 
tlie  writer  can  oiler  that  seems  probable  is,  that  there  exists  in  the  case 
of  catalase,  as  with  many  other  enzyms,  a  zymogen  in  the  leaves,  which, 
under  the  conditions  brought  about  in  the  sweating  process,  is  con- 
verted into  the  a-catalase  enzym  itself. ' 

The  relative  intensity  of  the  fermentation,  or  sweating,  has  also  a 
decided  influence  upon  the  amount  of  /9-catalase.  Thus,  upper  leaves 
moderately  sweated  for  wrapper  purposes  contain  less  than  upper 
leaves  heavily  sweated  for  filler  purposes.  The  amount  of  oxygen  devel- 
oped in  thirty  minutes  by  /^-catalase  was  observed  with  the  sample 
of  the  former  to  be  186  c.  c,  of  the  latter,  however,  236  c.  c.  (both  of  the 
same  crop).  The  difference  in  the  amount  of  oxygen  develoi>ed  in 
thirty  minutes  in  both  cases  by  acatalase  was  but  small,  619  and 
634  c.  c.  oxygen,  respectively. 

In  order  to  decide  whether  the  petuning  liquid  *^  which  was  applied 
for  the  fiiler  leaves,  but  not  for  the  wrapper  leaves,  had  contributed 
to  the  increase  of  the  amount  of  catalase,  20  c.  c.  of  that  liquid  were, 
after  neutralization,  mixed  with  20  c.  c.  of  water  and  5  c.  c.  commercial 
hydrogen  peroxide.  The  total  amount  of  oxygen  developed  in  thirty 
minutes  was  but  26  c.  c.  Since  the  amount  of  the  petuning  liquid 
applied  was  only  0.66  per  cent  of  the  weight  of  the  tobacco,  not  more 
than  0.02  c.  c.  of  oxygen  gas  would  have  been  developed  in  thirty  min- 
utes by  the  amount  of  petune  contained  in  2  grams  of  tobacco  applied 
for  the  test  on  catalase,  an  amount  so  small  that  it  can  be  neglected. 

DEVELOPMENT  OF  THE  '<  GRAIN "  OF  THE  TOBACCO  LEAF. 

The  *'  grain  "  means  to  the  tobacco  manufacturer  small  points  plainly 
visible  on  the  extended  leaves  after  the  curing  or  after  the  sweating 
process.  These  points,  often  situated  at  the  base  of  the  hairs,  appear 
under  the  magnifying  glass  as  small  globules  of  yellowish  color,  show- 
ing sometimes  a  radiated  structure.  Boiling  with  water  or  with  dilate 
acetic  acid  does  not  remove  them,  but  treatment  with  dilate  hydro- 
chloric acid  does  so  at  once.  This  makes  it  very  probable  that  the  chief 
mass  of  these  globules  consisted  of  calcium  oxalate,  a  view  confirmed 
by  the  microscopical  observation  of  gypsum  needles  forming  under  the 


'  The  writer  holds  as  probable  that  while  (t -catalase  may  be  generated  from  * 
zymogen,  /J- catalase  is  produced  from  a-catalase  only,  and  not  from  a  separate 
zymogen. 

"^This  lu^uid  wa8  prepared  from  licorice  and  various  condiments,  with  addition  of 
some  rum,  according  to  the  prescription  given  by  Marcus  Ij.  Floyd  in  Report  No.  63, 
U.  S.  Department  of  Agriculture,  p.  19,  Cultivation  of  Cigar  Leaf  Tobacco  in  Flori(i*> 
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iBflnence  of  concentrated  sulphuric  acid  npon  the  ^^  grain."  Although 
there  is  aome  calciam  oxalate  present  iu  the  living  leaf,  the  oxalic  acid 
of  those  globules  is  produced  by  post-mortem  oxidation,  since  they  do 
not  exist  in  the  living  leaf,  the  natnral  inference  being  that  it  is  the 
oxidizing  enzyms  that  produce  them  by  inducing  oxidation  of  various 
compoands,  such  as  malic  or  citric  acid,  tannin,  etc.  The  more  oxidiza- 
ble  material,  and  the  more  oxidation  is  going  on  in  the  tobacco  leaf,  the 
more  will  the  so-called  grain  develop  in  the  curing  and  sweating  proc- 
ess; hence  it  will  in  many  cases,  by  no  means  in  all,  confirm  the  idea 
of  some  tobacco  manufacturers  that  a  well-developed  grain  is  a  good 
sign  for  the  quality  of  the  tobacco. 

The  following  observations  by  the  writer  may  be  mentioned:  A  fresh 
tobacco  leaf  was  divided  into  two  portions.  One  portion  was  hung  up 
in  a  covered  beaker  containing  some  water,  the  other  was  first  heated 
to  60O  o.  (140^  F.)  in  a  closed  vessel  before  being  thus  treated.  By 
the  sadden  killing  of  the  cells  by  heat  the  cell  sap  left  them  at  once 
and  spread  uniformly  over  the  surface  of  the  leaf,  while  in  the  former 
case  the  gradual  drying  and  the  later  death  diminish  the  migration  of 
soluble  matter  to  the  surface.  After  eighteen  days  the  ^'  grain,"  in  the 
form  of  numerous  globules  of  calcium  oxalate,  was  formed  in  the  nor- 
mally cnring  leaf,  but  not  a  trace  of  it  was  seen  iu  the  leaf  killed  imme- 
diately after  collecting  it.  This  shows  that  these  globular  masses  were 
formed  in  the  curing  process.  In  the  fresh  leaves  deposits  of  calcium 
oxalate  also  occur  as  mentioned,  forming  crystalline  sandy  deposits, 
e8i)ecia]ly  in  mesophyll  cells.  Generally  these  seem  too  small  to  account 
for  the  appearance  of  the  ^^  grain  "  in  cured  and  sweated  leaves. 

The  nature  of  the  "  grain  "  was  also  investigated  by  Dr.  W.  C.  Stur- 
gis,  who  arrived  at  the  same  conclusion  as  the  writer  and  at  about  the 
same  time.  That  author  had  the  kindness  to  communicate  the  follow- 
ing observations: 

The  cryBtalliDe  depoBits  are  insolable  in  water,  but  are  completely  and  readily 
soluble  in  dilate  hydrochloric  acid.  On  heating,  these  deposits  swell  to  three  or 
foar  times  their  original  volume.  Examination  under  the  microscope  of  these 
heated  masses  in  water,  with  the  addition  of  hydrochloric  acid,  show  that  they  are 
at  once  dissolved  with  copions  evolution  of  gas.  These  observations,  coupled  with 
what  we  know  of  the  occurrence  of  calcium  oxalate  in  leaf  tissues,  lead  mo  to  con- 
clnde  that  the  grain  of  certain  grades  of  tobacco  is  caused  by  the  deposition  in  lim- 
ited areas  of  crystalline  aggregations  of  this  salt. 

BEMABKS  ON  THE  DEVELOPMENT   OF  THE  BEOWN  COLOR. 

The  slow  starvation. process  of  the  tobacco  leaf  in  the  curing  barn  is 
connected  with  the  yellowing  of  the  leaves,  followed  by  the  character- 
istic brown.  The  yellow  color  is  chiefly  due  to  the  etiolating  of  the 
chlorophyll  granules  because  of  the  absence  of  bright  daylight,  and 
Bets  in  while  the  cells  are  still  alive,  while  the  brown  color  sets  iu  after 
their  death.  The  changes  of  the  green  to  yellow  and  of  the  yellow  to 
brown  start  and  proceed  generally  in  the  same  order,  commencing 
at  the  margin  and  about  midway  between  the  lateral  veins.    Along 
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the  thicker  part  of  the  veins  the  tisane  remains  green  longest.    Oradn- 
ally  a  stage  is  reached  in  which  only  the  midrib  and  basal  parts  of  the 
lateral  ribs  still  have  their  normal  cx>lor,  being  fringed  by  bat  narrow 
stri])s  of  yellow  niesophyll,  the  chief  mass  of  the  leaf  having  tamed 
brown.  *     Thus,  the  layman  is  inclined  to  infer  that  the  substance 
which  tarns  yellow  is  also  the  same  that  tarns  brown  later  on.    This, 
however,  is  not  correct.    The  yellow  color  is  due  to  a  chemical  change 
of  the  cl  lorophyll  green^  while  the  brown  color  is  due  to  the  oxidation 
of  several  different  compounds  contained  in  the  cell  sap.    The  brown 
color  shows  also  in  the  veins  of  the  leaf,  bat  not  the  yellow,  since  there 
is  too  little  chlorophyll  in  the  veins.    It  sometimes  happens,  howeTer, 
that  leaves  in  the  barn  die  qaickly  by  drying  ap  instead  of  slowly  by 
starvation,  thus  not  allowing  safficient  time  for  development  of  the 
yellow  color,  and  in  this  case  the  brown  color  develops  directly  apon 
the  still  green  leaf.    Sach  leaves  show  a  distinctly  green  coloration  when 
held  between  the  eye  and  the  bright  daylight,  and  on  treatment  with 
strong  alcohol  they  yield  a  green  solation  of  chlorophyll,  showing  that 
the  green  is  not  destroyed,  bat  merely  concealed  by  the  brown.    The 
chlorophyll,  therefore,  is  not  the  scarce  of  the  brown  coloration.  Farther- 
more,  when  a  fresh  leaf  is  dried  at  a  moderate  teroperatare  in  an  air  bath 
it  will  no  longer  turn  yellow  when  exposed  for  a  considerable  time  to 
a  moist  atmosphere,  showing  that  the  change  from  green  to  yellow  in 
the  curing  barn  is  still  a  process  of  life,  although  a  pathologic  one. 

As  to  the  brown  color,  it  can  easily  be  shown  that  it  is  produced  by 
the  action  of  oxidase  and  not  by  the  action  of  peroxidase,  since  after 
<< killing"  the  oxidase  the  brown  color  fails  to  develop.  Freshly 
expressed  juice  of  the  midrib  was  heated  for  four  minutes  to  75^  G. 
(1G7^  F.)  and  left  with  a  little  chloroform  in  a  flask  plugged  with 
cotton.  After  ten  days  this  liquid  was  still  colorless,  although  con- 
taining peroxidase,  while  the  control  liquid  became  light  brown  within 
one  day.^    The  juice  of  the  lamina  turns  dark  brown  much  sooner. 

WHY  DOES  THE  OXIDASE  NOT  PBODUOE  THE  BBOWN  OOLOB  WHtLB 

THE  LEAF  IS  ALIVE  f 

The  oxidizing  enzyms  are  evidently  contained  in  the  plasmatic  living 
part  of  the  cell,  and  not  in  the  cell  sap  which  fills  the  vacuoles.  On  the 
other  hand,  the  matters  easily  oxidized  by  them  and  representing 
products  of  metabolism  or  by-products  of  certain  synthetical  operatious 
are  mostly  contained  in  the  cell  sap.    These  matters,  often  of  a  chrouio- 

I  The  brown  jcolor  darkena  still  more  during  the  Bweating  prooess.  When  the 
expressed  jnico  of  green  tobacco  leaves,  after  filtering,  is  exposed  to  air  it  gratlnally 
forms  an  insoluble  deposit,  the  greater  part  of  which  consists  of  a  phlobaphen-like, 
dark-browu  substance,  and  the  smaller  part  of  a  colorless  floocalent  compound.  The 
former  is  easily  soluble  in  dilute  ammonia;  the  latter  is  not. 

3  It  may  be  mentioned  here  that,  according  to  A.  Mayer,  a  dark-oolored  tobacco  is 
obtained  by  a  rich  nitrogenous  mauuring,  and  that,  according  to  Kosntauy,  barn- 
yard manure  with  ammonium  salts  yields  a  product  of  a  reddish  brown  tint,  while 
nitrate  manuring  yields  a  more  greenish- brown  one. 
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l$eiiic  eharacter,  are,  of  course,  produced  in  the  plasmatic  parts,  but 
secreted  rapidly  into  the  cell  sap.  When  the  cells  die  the  soluble  sub- 
stances  locally  separated  in  the  cytoplasm  and  the  cell  sap  intimately 
mix, since thecoagulating  protoplasm,  becoming  easily  permeable,  can  no 
longer  retain  any  soluble  matters — as,  for  example,  oxidase.  Thus  after 
death  the  direct  action  of  the  oxidase  on  the  oxidizable  matter  of  the  cell 
sap  sets  in  with  a  production  of  colored  bodies,  as  is  the  case  i  n  the  tobacco 
leavee.  This  action  can  also  be  noticed  very  well  in  the  juice  pressed 
out  from  the  fresh  leaves,  since  this  juice,  containing  cell  sap  as  well 
as  soluble  matters  previously  contained  in  the  protoplasm,  turns  brown 
rapidly  on  coming  into  contact  with  air.  The  darkening  of  the  juices 
of  potatoes,  beets,  and  other  plants  depends  upon  the  same  princi])le. 

GHSOMOaBNS  OP  TOBACOO. 

The  nature  of  the  chromogenic  compounds  has  not  yet  been  fulJy 
revealed.  It  was  pointed  out  in  Beport  No.  59,  p.  12,  that  several  dif- 
ferent compounds  have  to  be  assumed  as  contributing  to  the  color  in 
the  tobacco  leaf,  and  that  tannin  as  well  as  nicotine  contribute  only  a 
part  of  it.  It  is  true  that  the  darker  tobaccos  are  generally  considered 
as  being  the  stronger — that  is,  contain  the  most  nicotine — but,  on  the 
other  hand,  it  has  to  be  kept  in  mind  that  the  veins,  which  contain  less 
nicotine  than  the  lamina,  are  generally  much  darker  colored,  a  fact  hardly 
to  be  explained  merely  by  the  thicker  layer  of  cells.  The  fact,  how- 
ever, that  the  juice  of  the  lamina  turns  dark  more  quickly  and  intensely 
than  the  juice  of  the  rib  makes  it  probable  that  the  chromogen  of  the 
ribs  is  not  easily  soluble  and  differs  from  that  of  the  lamina.  In  the 
lamina  it  is  the  mesophyll  and  not  the  epidermis  that  contains  the  chief 
quantity  of  the  chromogen. 

The  main  chromogens  of  the  leaves  are  insoluble  in  alcohol,  as  is  the 
brown  product  itself.  A  piece  of  young,  green  tobacco  leaf  was  left  in 
alcohol  for  one  day,  the  chlorophyll  being  extracted  and  the  leaf 
becoming  almost  colorless.  Upon  moistening  with  water  it  turned 
brown  within  two  days,  the  color  being  darkest  in  the  ribs  and  veins. 
The  main  chromogen,  therefore,  had  not  been  removed  by  the  alcohol 
treatment. 

There  is  but  very  little  chromogen  in  the  pith,  since  it  becomes  only 
slightly  brown  after  several  days'  exposure  to  the  air;  equally  little  is 
contained  in  the  vascular  bundles  of  the  stalks,  except  in  the  youngest 
part.  The  study  of  the  nature  of  the  chromogens  encounters  consider- 
able difficulties.^ 

'After  this  was  written,  an  article  of  Behrens  appeared  in  the  Landw.  Vers. 
Stat.,  vol.  52,  in  which  he  discusses  the  production  of  the  color.  He  thinks  that 
(he  brown  substance  is  formed  from  a  chromogen  which  is  split  off  from  a  glucosid, 
and  that  this  glucosid  is  formed  during  the  first  or  starvation  period  of  the  leaves 
in  the  bam.  This  opinion  can  hardly  be  accepted  when  we  observe  the  rapidity 
with  which  the  juice  of  the  fresh  leaves  turns  brown  upon  exposure  to  the  air, 
showing  that  the  chromogen,  or  rather  the  *'  soluble''  chromogen,  is  already  present 
in  the  normal  leaf. 
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SUNBURNED   TOBACCO  LEAVES. 

When  the  tobacco  plants  are  harvested  it  often  occurs  that  the  cut 
])lants  are  left  for  several  hours  in  the  fields  exposed  to  a  scorching 
8un,  and  many  of  the  leaves  are  killed  either  in  part  or  in  isolated 
spots.  These  prematurely  killed  portions  remain  green  and  never 
change  color  in  the  curing  barn.  There  are,  indeed,  not  infrequently 
found  among  the  cured  leaves  of  commerce  some  with  green  si>ots  on 
them,  due  to  this  circumstance.  The  microscope  reveals  the  fact  tliat 
the  fine  veins  of  such  spots  are  only  of  a  faint  brown  color,  compared 
with  the  well-cured  portions. 

It  appears  to  be  of  some  interest  to  decide  whether  it  is  only  the 
effect  of  the  intense  light  which  causes  such  a  change  in  the  properties 
of  the  leaf,  or  whether  a  partial  drying  up  in  the  sun  forms  one  of  the 
conditions.  Possibly  the  light  may  kill  the  enzyms  as  soon  as  the 
cells  themselves  are  killed  by  the  heat.  The  gathered  leaves  warm  up 
with  the  sun's  rays  considerably  more  than  the  leaves  of  plants  stand- 
ing in  the  field,  where  the  transpiration  current  provides  moisture 
which  lowers  the  temperature  by  continuous  evaporation. 

A  piece  of  ripe  leaf  was  heated  in  a  closed  test  tube  in  a  water  bath 
for  five  minutes  to  from  60  to  61^  0.,  which  caused  the  loss  of  the  nat- 
ural stiffness  (turgor),  the  change  being  caused  by  the  loss  of  tlie 
osmotic  properties  of  the  plasma  sack  when  the  leaf  dies.  Another 
piece  of  the  same  leaf  was  heated  to  60^  G.  for  five  minutes,  and  then 
for  five  minutes  longer  to  a  temperature  of  from  70  to  71^  0.  Both  of 
these  pieces  were  hung  up  in  a  covered  beaker  containing  some  water, 
and  compared  with  another  piece  of  the  same  leaf  not  so  treated. 
After  eighteen  days  the  pieces  were  moistened  and  spread  on  a  glass 
plate,  when  it  was  easily  recognized  that  the  color  of  the  piece  heated 
to  a  temperature  of  from  60  to  61^  G.  was  almost  the  same  as  that  of 
the  control  piece,  while  the  color  of  that  heated  finally  to  a  tempera- 
ture of  from  70  to  71°  0.  had  a  far  different  look,  only  the  larger  veins 
having  become  brown,^  while  the  lamina  was  of  a  weak  yellowish 
green.  This  shows  that  the  production  of  color  is  due  to  the  action  of 
the  oxidase  (not  yet  killed  at  60*^  G.),  and  not  to  the  peroxidase  (not 
yet  killed  at  70^  G.),  since  a  special  test  proved  that  the  piece  heated 
for  five  minutes  to  a  temperature  of  from  70  to  71^  G.  contained  con- 
siderable peroxidase,  but  no  longer  any  oxidase.  Still  the  analogy  to 
the  sunburned  leaves  was  not  fully  established  by  this  test,  since  the 
sunburned  leaves  retain  their  full  natural  green,  while  with  the  samples 
mentioned  theoriginal  green  was  somewhat  changed.  Tests  in  which  the 
pieces  of  the  leaf  were  not,  however,  treated  in  closed  test  tubes,  but 
were  left  to  dry  openly  in  an  air-bath  at  58°  0.,  gave  a  different  result. 
In  tljese  the  green  was  preserved  almost  in  its  natural  condition,  and 


I  This  lirowninj;  was  prohably  developed  between  40  and  66^,  after  the  death  of 
the  cell  and  btiforo  the  death  point  of  the  oxidase  was  reached. 
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the  subsequent  exposure  to  the  moist  air  led  only  to  a  coloration  of  the 
veins.  The  lamina  remained  green.  The  simultaneous  effect  of  heat 
and  of  drying  up  must  unite,  therefore,  to  produce  the  phenomena 
observed  in  *^ sunburned"  leaves. 

"WHITE  VEINS." 

The  phenomenon  of  "white  veins"  is  observed  in  the  curing  bam 
after  a  long  spell  of  dry  and  warm  weather.    The  veins  then  lose  the 
capacity  of  turning  brown  on  the  surface,  and  preserve  a  whitish  or 
rather  colorless  appearance  after  the  curing  process  is  over.    On  holding 
such  a  leaf  between  the  eye  and  the  light,  a  sufficiently  dark-brown 
coloration  of  these  veins  is  plainly  seen,  hence  it  is  only  the  surface 
which  is  d^oid  of  coloring  matter.    There  is  hardly  any  other  expla- 
nation than  that  by  a  too  rapid  drying  the  epidermis  cells  of  the  veins 
died  too  quickly  and  this  premature  death  caused  the  entrance  of  air 
into  and  perhaps  also  below  them,^  leading  to  the  optical  illusion  that 
coloring  matter  is  absent  in  the  veins,  although  the  interior  cells  (those 
of  the  vascular  bundle)  contain  it.^    The  microscope  reveals  colorless 
and  air-containing  tissue  around  the  brown  sieve-tissue  masses  iu  the 
"white  veins,"  while  in  the  normally  colored  veins  the  tissue  surround- 
ing the  sieve  tissue  is  more  or  less  yellowish  brown.    The  presence  of 
*' white  veins"  decreases  the  value  of  the  wrapper  leaf,  while  it  has  no 
influence  upon  the  value  of  the  fillers.    On  the  contrary,  such  fillers 
may  often  be  very  valuable.    To  prevent  the  "  white  veins"  there  seems 
no  other  way  possible  than  to  keep  the  barn  closed  in  prolonged  hot, 
dry  weather  and  to  occasionally  sprinkle  water  through  the  barn. 

"SALTPETER"   ON   TOBACCO. 

A  phenomenon  resembling  to  some  extent  that  of  "white  veins,"  but 
in  reality  very  different  from  it,  is  the  efflorescence  of  a  white  saline 
mass  upon  the  midrib  and  lateral  ribs  of  the  curing  tobacco  leaf.  The 
tobacco  planters  and  manufacturers  call  it  "saltpeter,"  but  sometimes 
there  are  only  traces  of  Baltx>eter  (nitrates)  found  in  these  efflorescences. 
They  contain  principally  a  mixture  of  potassium,  sodium,  calcium,  and 
nicotine  salts.  The  writer  has  not  chanced  to  observe  an  efflorescence 
consisting  only  of  saltpeter,  although  the  possibility  of  such  an  occur- 
rence can  not  be  denied.  The  phenomenon  is  probably  caused  by  a 
long  spell  of  dry  weather  in  the  first  stages  of  the  curing. 

Finally,  it  may  be  mentioned  that  sometimes  a  white  mycelium  of 
some  fungus  makes  its  appearance  on  the  veins  of  the  curing  leaf. 


>  8ach  a  phenomenon  is  also  frequently  noticed  in  August  on  the  leaves  of  the 
peach  tree,  as  Dr.  Galloway  has  kindly  pointed  out  to  the  writer. 

*Mr,  Floyd  reported  to  the  writer  that  occasionally  white  veins  are  also  notice- 
able in  plants  while  growing  in  the  fields,  and  that  in  such  cases  the  leaves  are 
osnally  of  a  very  dark  green. 


^    I 
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since  the  veins  retain  more  moisture  t^an  the  lamina  and  thus  favor 
fungous  growth  more  than  the  latter.  This  phenomenon  is,  however, 
very  easily  distinguished  from  that  of  the  genuine  "white  veins." 

METHODS  OF  8WBATINO. 

There  are  three  methods  of  sweating  practiced  in  the  United  States, 
viz: 

(1)  Tlie  natural  sweat  in  cases. 

(2)  The  forced  sweat  in  cases. 

(3)  The  sweating  in  balk. 

The  natural  sweat  is  a  slow  process  going  on  in  cases.  The  low  tem- 
perature in  winter  and  spring  in  conjunction  with  the  limited  access  of 
air  is,  however,  au  unfavorable  condition.  Besides,  the  absence  of  an 
energetic  sweating  process  favors  the  growth  of  fungi  upon  the  tobacco 
leaver  when  the  tobacco  has  been  packed  too  moist.  The  higher  tem- 
perature used  in  the  other  two  methods  hastens  the  process  of  sweating 
and  the  development  of  aroma,  and  thus  the  tobacco  can  be  put  on  the 
market  a  considerable  time  in  advance  of  what  could  ordinarily  have 
been  done.  The  advantage  of  an  early  market  is  much  desired  by  all 
packers. 

The  "  forced  sweat  in  cases"  requires  about  the  same  length  of  time 
as  the  ^<  sweating  in  bulk."  A  natural  sweat  for  from  six  to  ten  months, 
followed  by  a  sweating  in  bulk  for  from  two  to  four  weeks,  is  appUed  in 
Lancaster,  Pa.,  for  filler  tobacco.  OuJy  when  fear  of  must  exists  is 
new  tobacco  there  at  present  subjected  directly  to  the  "forced  sweat 
in  cases,"  and  this  process  is  sometimes  followed  by  a  short  "sweating 
in  bulk"  when  the  color  for  the  fillers  has  not  become  dark  enough.^ 

An  important  difference  between  the  "sweating  in  bulk"  and  the 
"sweating  in  cases"  is  the  greater  access  of  air  in  the  former  method. 
The  amount  of  oxygen  f0r  the  ."sweating  in  cases"  is  restricted  to  that 
contained  in  the  air  of  the  cases ^  and  in  the  air  which  enters  through 
the  sides  and  at  the  corners.  By  this  lessening  of  the  access  of  air 
the  processes  of  oxidation  are  retarded  and  a  considerable  rise  of  tem- 
perature by  the  sweating  itself  is  prevented.  Hence,  this  method  is 
carried  on  in  rooms  at  from  37.7o  to  43.3o  0.  (lOO-llOo  F.)  without 
fear  of  undue  spontaneous  further  rise  in  temperature  in  the  tobacco 


'  Dark  fillers  and  light  wrappers  are  at  present  in  demand.  A  thorough  sweat, 
although  leading  to  a  fine  aroma,  will  also  produce  a  dark  color,  hence  the  sweat 
has  to  he  limited  when  wrappers  of  a  light  color  are  to  he  produced.  This  is  one  of 
the  reasons  that  the  wrappers  are  moistened  with  less  water  than  the  fillers  heforo 
sweating.  The  tip  of  the  leaf  is  hetter  adapted  for  wrappers  than  the  hase  or 
''heel/'  as  the  tobacco  manufacturer  calls  it,  on  account  of  its  greater  flexihility— 
produced  by  differences  in  the  vascular  bundles  near  the  tip  which  consist  mainly 
of  spiral  vessels,  while  near  the  hase  there  are  also  pitted  vessels. 

^This  amount  is  small,  as  the  tobacco  leaves  are  packed  in  cases  with  the  aid 
of  a  press.  No  pressure  is  applied  for  the  fermentation  in  bulk,  in  ord^r  not\to 
diminish  the  necessarily  limited  access  of  oxygen.  " 
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itself.  The  oases  are  piled  up  in  the^se  rooms  beajted  often  merely  by 
an  iron  stove,  whicb  bolds  a  vessel  of  water  to  produce  a  moist  temper- 
ature so  as  to  prevent  the  tobaceo  from  drying  oat  too  mach. 

With  the  ^^ sweating  in  bulk"  the  condition  differs.^  The  rooms 
generally  have  a  temperature  averaging  from  21-28o  C.  (70-85o  F.), 
and  the  only  covering  for  the  tobaceo  consists  of  blankets,  which 
admit  air  freely  between  the  sweating  ^^ hands"  of  tobacco.  The 
oxidation  processes  can  therefore  be  carried  on  with  much  more 
energy,  leading  to  a  considerable  rise  in  temperature  above  that  of  the 
room,  a  rise  amounting  daily  to  from  6  to  8°  C.  (9  to  14°  F.).  A  great 
advantage  of  the  fermentation  in  bulk  is  that  these  bulks  are  repeat- 
edly turned  over  and  rebuilt,  which  enables  a  minute  examination. 
A  careful  workman  is  thus  able  to  observe  whether  the  process  is 
going  on  normally  and  can  frequently  remedy  troubles.  The  forced 
sweat  in  cases,  however,  does  not  have  this  advantage.  As  to  the 
ammonia  produced  by  the  sweating,  there  can  be  no  doubt  that  it  is  & 
normal  product  of  the  destruction  of  the  nitrogenous  compounds  by 
the  oxidizing  enzyms,  and  not  a  product  of  putrefaction,  as  held  by 
some  authors.  The  writer  showed  in  Report  ^o,  59  that  bacteria  of 
putrefaction  can  not  thrive  upon  tobacco  leaves  in  the  sweating  con- 
dition. Every  normally  sweated  tobacco  contains  some  ammonium 
aalts.^  It  depends  ui>on  the  amourit  of  ammonia  thus  formed  whether 
a  tobacco  of  commerce  shows  a  faintly  acid,  a  neutral,  or  a  faintly  alka- 
line reaction. 

As  to  the  question  which  especial  compounds  are  attacked  in  the 
sweating  process  by  the  oxidizing  enzyms  in  the  leaves,  it  is  probable 
that  all  soluble  organic  i3ompounds  present  in  the  leaf  are  attacked, 
bat  with  a  different  degree  of  intensity.  Although  certain  com- 
pounds^  such  as  nicotine,  may  be  attiacked  with  difficulty,  a  noticeable 
amount  may  nevertheless  become  oxidized  in  the  course  of  time,  since 
the  sweat  in  the  bulk  or  the  forced  sweat  in  cases  lasts  about  six 
weeks.  The  oxidation  need  not  lead  directly  to  the  production  of 
carbonic  acid  with  every  compound,  as  there  may  be  formed  inter- 
mediate oxidation  products,  which  undergo  further  oxidation  but 
slowly.  By  allowing  the  temperature  to  rise  to  about  05°  C,  which  is 
5  degrees  higher  than  the  generally  adopted  ma:S:imum,  the  oxidation 
may  even  extend  so  far  that  the  aroma  first  produced  is  again 
destroyed  and  that  the  extractive  matters  are  diminished  until  a  very 
large  percentage  of  the  tobacco  consists  of  mere  cellulose.  Tobacco 
manufacturers  call  such  an  inferior  product  "papery.''  Nevertheless 
the  temperature  of  the  fermenting  wrappers  in  Sumatra  is  sometimes 

'Report  No.  60,  U.  8.  Department  of  Agricultare,  Temperature  Changes  in  the 
Fermenting  Piles  of  Cigar  Leaf  Tobacco,  by  Milton  Whitney  and  Thomas  H.  Means. 
This  report  contains  a  fnll  description  of  the  ''sweating  in  bulk''  as  practiced  in 
Florida. 

^Thorns  obtained  38  grains  of  ammonium  sulphate  from  15  kilograms  sweated 
tobacco  on  distillation  with  steam;  but  only  a  part  of  the  ammonia  is  obtained  in 
thii  way.    Various  analyses  give  from  0.05  to  0.5  per  cent  ammonia  in  tobacco. 
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allowed  to  reach  66°  O.  (lOQo  F.),  as  Van  Bemmelen  reports."  Wben 
this  temperature  is  kept  np  for  some  time  or  is  allowed  to  rise  some 
degrees  higher,  the  tobacco  loses  its  power  of  heating  np  again  when 
the  heap  is  repacked.  The  oxidase  and  catalase  are  now  killed. 
Sach  tobacco  is  called  ^^  cooked."  It  is  knotty  and  curled  and  the 
fiber  has  lost  much  of  its  elasticity.^ 

NOTES  ON  THE  BACTERIAL  HYPOTHESIS  OF  SWEATING. 

Although  it  was  shown  in  Eeport  No.  59  that  Suchsland's  bacterial 
hypothesis  of  the  sweating  of  the  tobacco  is  unfounded  and  that  the 
true  cause  of  the  oxidation  in  the  sweating  process  must  be  attributed 
to  the  presence  of  oxidizing  enzyms  in  the  tobacco  leaf  itself,  never- 
theless some  persons  still  adhere  to  the  bacterial  hypothesis.  But  it  is  a 
simple  matter  for  anyone  to  convince  himself  by  direct  microscopical 
examination  of  scrapings  from  moistened  sweating  wrapper  leaves  that 
the  numerous  bacteria  which  would  be  expected,  by  the  hy[)othesis, 
are  not  there.  Even  if  we  assume  that  the  supposed  tobacco  bacteria 
are  characterized  by  extraordinary  capacities  of  oxidation  and  fermen- 
tation, and  that  therefore  a  restricted  number  might  account  for  a 
great  deal  of  work,  several  millions  at  least  should  exist  for  every 
square  inch.  Further,  it  is  evident  that  the  conditions  on  the  tobacco 
leaves  are  most  unfavorable  for  bacterial  growth.  It  was  pointed  out 
by  the  writer  that  the  water  content  of  a  fermenting  wrapper  leaf  is 
utterly  insufficient  to  bring  the  nutritive  compounds  from  the  interior 
of  the  cells  to  the  surface,  the  moisture  being  barely  sufficient  for  the 
proper  imbibition  of  membranes  and  cell  contents.  The  easily  soluble 
matters,  such  as  oxidizing  enzyms,  will  no  doubt  dissolve,  but  this  solu- 
tion will  be  retained  in  the  chief  mass  of  the  cell  contents. 

Let  us  assume  that  all  the  water  of  a  sweating  leaf  would  be  avail- 
able for  the  cell  contents — none  being  retained  by  imbibition  of  the  cell 
membranes — and,  further,  that  one-half  of  the  cell  contents  is  easily 
soluble  in  water,  although  in  reality  two-thirds  are  easily  soluble  in 
their  own  weight  in  water.  A  fermenting  wrapi)er  leaf  with  a  water 
content  of  20  per  cent''  would  then  contain  a  solution  of  organic  matter 
of  a  strength  of  50  i)er  cent,  since  ripe  wrapper  leaves  of  good  quality 
and  callable  of  fermentation  contain  in  the  dry  substance  an  avera^ce 
of  40  per  cent  of  matter  soluble  in  water .^  In  such  a  solution  of  50  per 
cent  of  organic  substances  bacteria  can  not  multiply.    Even  mold 


'  Landw.  Vers.  Stat.  vol.  37,  p.  383. 

^  This  Ih  the  experience  of  tobacco  maiinfactiirers  of  Florida,  and  has  been  men- 
tioued  to  the  writer  by  Mr.  M.  L.  Floyd. 

3  The  tenacity  and  cohesion  of  wrapper  leaves  are  generally  seriously  Injnred  M 
Boon  as  the  water  content  is  increased  above  27  per  cent  while  the  sweating  is 
going  on. 

*  Of  conrse  the  percentage  of  soluble  matters  varies  considerably  in  different 
grades  of  tobacco. 
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fimgi  find  it  rather  difficult  to  liye  under  those  conditions.'  In  reality 
the  conditions  are  still  much  less  favorat)le  for  bacteria  than  we  have 
a^finmed  in  this  calculation.  The  high  temi>erature  is  also  an  obstacle 
to  meet  bacteria.  Fermenting  wrapi)er  leaves  sometimes  reach  a  tem- 
perature of  60^  C.  (140^  F.);  and  still  ferment  again  when  the  heap  is 
repacked.  It  would  be  a  very  easy  matter  to  isolate  the  active  bacteria, 
if  they  should  belong  to  the  few  thermophylic  kinds  that  can  be  active 
in  such  a  high  temperature.  But  nine  yeais  have  passed  since  the 
promnigation  of  the  bacterial  theory  of  tobacco  fermentatiou,  and  thus 
&r  there  is  nowhere  to  be  found  a  scientific  description  of  the  supposed 
tobacco  bacterium. 

The  following  experiment  shows  that  bacteria  from  the  very  surface 
of  the  tobacco  leaves  can  not  thrive  in  a  concentrated  tobacco  extract. 
Such  an  extract  containing  30.2  per  cent  of  solid  matter  was  sterilized 
and  a  small  piece  (about  1  cm.  square)  of  a  freshly  cured  tobacco  leaf 
introduced,  after  which  the  flask  was  plugged  with  cotton.  After  10 
days  neither  a  scum  nor  a  turbidity  indicating  the  presence  of  bacteria 
could  be  noticed,  but  some  clot-like  masses  were  observed.  These 
masses  proved  to  consist  of  a  mycelium  of  a  fungus,  while  even  with 
the  highest  magnif3ang  x>ower  no  microbes  could  be  observed.  How- 
ever, a  dilute  solution,  prepared  by  diluting  the  former  with  ten  times 
its  volume  of  water,  formed  a  bacterial  scum  within  two  days  upon 
exposure  to  the  air. 

In  a  second  trial,  with  a  concentrated  solution  of  25  per  cent  of 
tobacco  extract  (contained  in  a  test  tube)  exposed  to  the  air  for  ten  days 
to  admit  various  kinds  of  microbes,  there  was  neither  a  scum  nor  a 
bacterial  turbidity  produced.  On  microscopical  examination,  however, 
some  few  bacteria  could  be  noticed.  Now,  if  solutions  of  such  concen- 
trations  are  so  very  unfavorable  for  bacterial  growth,  how  much  more 
must  this  be  the  case  for  the  much  higher  concentration  to  be  found  in 
the  cells  of  the  fermenting  wrapper  leaves  f 

Further  experiments  proved  that  even  at  a  water  content  of  35  and 
40  per  cent  present  in  fermenting  fillers^  bacteria  can  not  flourish  upon 
the  leaf  surface  at  the  temperature  of  the  fermenting  piles.  In  freshly 
cured  heavy  tobacco  the  water  was  determined  and  enough  water  added 
80  that  in  two  samples  the  percentage  reached  35  and  40  per  cent, 
respectively.  These  leaves  were  rolled  up  and  placed  in  flasks,  which 
were  sealed  with  paraffin  and  kept  for  five  days  at  a  temperature  of 
from  530  to  550  0.,  there  being  an  abundance  of  air  in  the  flasks.    For 


'  According  to  Splendore  (Revista  Tecnica,  Roma,  1899),  Oospora  Nicotiano)  can  not 
develop  i]x>on  tobacco  that  has  less  than  26  per  cent  of  water,  and,  according  to 
Behrens  (Landw.  Vers.  Stat.,  Aag.,  1899),  Botrytin  rcqaires  at  least  30  per  cont  of 
water  in  cored  tobacco  to  bo  able  to  grow  on  it. 

'This  tobacco  contained  catalase,  oxidase,  and  peroxidase  and  was  subjected  to 
"sweating''  or  "fermentation  in  balk.''    It  sweated  normally. 

^  Hands  of  filler  tobacco  are  dipped  with  their  base  deeper  into  tl^e  w^tor  than 
luindfl  of  wrapper  tobacco,  thns  securing  a  higher  water  content. 
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a  Abort  time  the  temperatare  reached  59^,  but  since  even  60^  is  fre- 
quently observed  in  the  fermenting  tobacco  piles  this  temperatoie 
shoald  not  be  expected  to  kill  the  supposed  tobacco  bacteria.  Tbe 
microscopical  examination  of  the  leaves  after  five  days  proved  tiie 
absence  of  a  bacterial  coating*.  Only  here  and  there  a  microbe  was 
found,  but  upon  staining  and  counting  in  everything  which  had  any 
resemblance  to  a  spore  or  bacillus  there  were  not  more  than  60O 
microbes  to  the  square  inch.  The  examination  was  made  not  only  of 
scrapings  of  the  moistened  surface,  but  of  the  triturated  parts  of  the 
leaf  itself. 

Eecently  a  treatise  by  H.  Yemhont  has  appeared  in  which  a  microbe 
closely  related  to  Bacillus  subtilis  is  described  from  fermenting  tobacco 
leaves  in  Java.'  The  author  ascribes  to  this  the  phenomena  of  tobacco 
fermentation.  The  proof,  however,  that  this  microbe  can  produce  fer- 
mentation and  can  multiply  on  tobacco  leaves  with  only  25  per  cent 
water  has  not  been  adduced.  His  further  remark  that  a  sample  of  cured 
tobacco  did  not  contain  any  oxidase  or  peroxidase  does  not  require  any 
further  comment,  since  these  enzyms  may  disappear  as  above  mentioned 
under  unfavorable  conditions,  whUe  catalase,  the  third  oxidizing  enzym, 
still  may  persist. 

SWEATING  MUSTY  TOBACCO. 

The  complaints  about  ^^  musty  tobacco,"  <<  white  mold,"  and  '<  black 
rot "  in  tobacco  packed  in  cases  are  quite  frequent.  Moist  weather 
toward  the  end  of  the  curing,  and  especially  while  stripping  and  pack- 
ing are  going  on,  favors  these  injuries.  Apparently  quite  healthy 
tobacco  will  often,  after  having  passed  through  the  natural  or  cold 
sweat,  have  a  moldy  odor*  or  a  cover  of  a  white  film  of  fungus 
mycelium,  or  even  patehes  where  the  leaves  are  transformed  into  a 
powder  by  the  so-called  black  rot.^  Dark  heavy  tobacco  is  said  to  be 
most  damaged  by  ^^  white  mold."  Because  of  this  damage  the  value 
of  the  tobacco  is  decreased  to  about  one-sixth  of  the  original.  A 
tobacco  manufacturer  assured  the  writer  that  out  of  1,600  cases  of 
tobacco  of  a  particular  crop  he  found  1,300  cases  more  or  less 
damaged  in  this  way,  and  he  estimated  the  damage  annually  caused 
in  this  country  at  about  $1,000,000.  Eepacking  after  removing  the 
worst  portions  affords  but  a  poor  help  and  but  for  a  short  time. 
In  the  case  of  black  rot  further  serious  damage  can  be  prevented 
more  easily  by  repacking,  since  this  fungus  does  not  continue  to 
spread  after  cold  weather  sete  in  in  autumn.    The  chief  remedy 


'  Onderzoek  over  Hakterieu  bij  de  Fermentatio  der  Tabak,  Batavia,  1899. 

^  The  moldy  odor  is  caused  by  the  growth  of  the  common  mold  fangns,  PenicilUnm 
glauoum, 

3  In  a  case  of  black  rot  examined  by  Mr.  E.  A.  Bessey,  in  which  the  cohesion  of  the 
parts  of  the  leaf  was  destroyed,  and  patches  of  it  transformed  into  a  polveralent 
mass,  the  fungus  Sterigmatocystis  nigra  {Aspergillua  niger)  was  found. 
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applied  at  present  is  a  <^  forced  sweat,''  in  which  the  musty  odor 
disappears  and  the  mycelia  of  the  fan^  are  killed;  but  when  this 
process  is  not  thoroughly  carried  on  the  spores  may  be  uninjured,  and 
IhoB  it  happens  that  the  musty  odor  may  come  back  again  when  these 
spores  develop. 

This  forced  sweat  is  carried  on  in  the  presence  of  much  water — 45  or 
50  per  cent — ^and  is  therefore  suitable  only  for  fillers,  since  under  such 
conditions  the  wrapper  leaf  would  deteriorate  considerably.  The  writer 
has  observed  that  with  a  room  temperature  of  26.6^  G.  (80^  F.)  and  a 
water  content  in  the  tobacco  of  47.6  per  cent  the  temperature  of  a  large 
box  filled  with  such  moistened  musty  tobacco  was  markedly  increased 
within  four  hours,  and  in  two  days  reached  a  temperature  of  40.5^  0. 
(105^  F.).  From  three  to  four  days  are  allowed  for  this  sweat  in  sum- 
mer, and  from  one  to  two  weeks  in  winter.'  Tobacco  that  has  passed 
throngh  a  ^^ forced  sweat"  will  not  again  heat  up  sufficiently,  while 
after  a  cold  or  natural  sweat  it  will  heat  up  readily. 

Some  suggestions  might  be  made  as  to  how  to  prevent,  as  far  as  jKMsi- 
ble,  the  deterioration  of  cared  tobacco  by  fungi.  Whenever  the  stripping 
cellars  are  underground  or  immediately  under  the  curing  barn,  the 
moistare  of  th^  air  in  the  cellar  often  increases  to  such  an  extent  that 
the  stripped  tobacco  absorbs  too  much  moisture  before  it  is  packed. 
When  the  water  content  of  tobacco  rises  above  30  per  cent  there  is  great 
danger  of  the  development  of  fangus  spores  which  may  be  present  on  the 
tobacco  leaves.  Besides,  in  such  damp  localities  various  fungi  develop 
OQ  the  floor  and  walls  where  organic  impurities  have  gained  lodgment, 
and  hence  the  opportunities  for  the  infection  of  the  tobacco  in  the 
stripping  process  are  much  enhanced.  Some  farmers  have  recognized 
thhi  dangerous  source  of  infection  and  fumigate  the  stripping  cellars 
with  burning  sulphur  before  commencing  the  work.  The  mycelia  of 
foDgi  can  easily  be  destroyed  by  this  process,  but  the  more  resistant 
spores  may  escape  destruction.  Anoth^  means  of  cleaning  the  cellars 
is  to  whitewash  them  several  times  with  freshly  slaked  lime  and  dry 
them  out  well  with  artificial  heat  before  the  stripping  commences.  It 
▼oald  be  still  better  to  have  the  stripping  localities  above  ground  and 
have  them  kept  warm  while  the  stripping  is  going  on. 

An  essential  step  of  progress  would  be  made  by  giving  up  altogether 
the  natural  or  cold  sweat  and  by  replacing  it  with  the  '^  sweating  in 
bulk,"  to  be  carried  out  soon  after  the  curing  process  is  finished.  The 
fniigns  spores,  the  germination  of  which  is  hastened  by  heat,  are  grad- 
nally  killed  in  that  state  when  the  temperature  rises  above  50^  C,  and 
thus  the  fungus  development  injurious  to  the  tobacco  is  easily  avoided. 
A  few  words  may  be  said  in  this  connection  about  measures  for  the 
prevention  of  stem  rot.  ^^  Stem  rot,"  a  disease  sometimes  developing 
and  spreading  in  the  curing  barn,  has  been  investigated  by  Dr.  W.  G. 


'Sa-hrtiewi^ated  tobaoooiB  generally  not  packed  again,  but  serves  directly  for 
tile  manafactare  of  cigars. 

20914— No.  65 i 
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StnrgiSy  who  named  the  fungus  Botrytis  Umgihranchiata,^  He  recom- 
mends that  all  the  diseased  stems  and  leaves  be  collected  and  bnmed 
at  once,  before  the  fungus  is  further  developed  and  before  its  spores 
can  be  scattered  about  by  any  current  of  air.  He  further  suggests 
sprinkling  the  floor  of  the  bam  with  a  mixture  of  equal  parts  of  air- 
slaked  lime  and  sulphur,  and  the  fumigation  of  the  tightly  closed  bam 
with  burning  sulphur  a  fortnight  before  the  tobacco  is  harvested,  and 
again  after  the  removal  of  the  cured  tobacco  from  the  barn.  It  may  be 
added  here  that  washing  the  floor  with  thick  milk  of  lime  which  has 
been  recently  slaked  in  the  usual  way  has  also  been  found  beneficial 

ABOMA  OF  THE  TOBACCO. 

The  odor  developed  in  smoking  a  cigar  may  be  partly  due  to  the 
mere  volatilization  of  products  of  the  sweat  and  partly  to  the  destruc- 
tion of  certain  compounds.  The  heat  of  the  glowing  surface  reach- 
ing the  neighboring  sections  which  are  not  in  full  contact  with  air 
causes  there  volatilization  and  various  decompositions  by  dry  distilla- 
tion. Products  of  pleasant  and  of  unpleasant  odor  are  comx)onent8  of 
the  smoke,  and  it  is  the  chief  aim  of  the  progressive  dealers  in  the 
tobacco  trade  to  reduce  the  amount  of  the  latter  components  to  a  mini- 
mum. In  the  smoke  of  tobacco  have  been  found  besides  carbonic  acid 
and  water,  nicotine,  ammonia,  carbonic  oxid,  occasionally  nicotianine 
and  traces  of  hydrogen  cyanide,  and  hydrogen  sulphide.  Recently 
pyridine,  trimethylamine,  and  butyric  acid  have  been  found  in  it  by 
Thorns.^  The  pyridine  is  produced  by  the  decomposition  of  nicotine, 
while  the  hydrogen  cyanide,  hydrogen  sulphide,  and  butyric  acid  are 
probably  derived  from  protein  compounds. 

The  soil,  climate,  and  weather  on  the  one  hand  and  careful  treatment 
in  the  curing  and  sweating  of  the  tobacco  on  the  other  have  great  influ- 
ence in  the  production  of  a  cigar  leaf  having  the  proper  aroma  in 
smoking.  This  flavor  must  be  distinguished  from  the  odor  which  the 
sweated  tobacco  leaves  show  directly  without  being  heated  or  smoked. 
The  writer  proposes  to  designate  the  former  alone  as  aroma,  while  the 
latter  will  be  called  simply  odor.  The  use  of  this  distinction  is  made 
in  the  following  lines. 

The  odor  of  the  sweated  tobacco  leaves  doubtless  stands  in  a  certain 
relation  to  the  aroma  generated  in  smoking,  generally  a  pleasant  odor 
justifying  the  inference  of  a  fine  aroma;  but  this  is  by  no  means  always 
so,  and  cases  occur  where  a  sweated  tobacco  of  pleasant  odor  produces 
a  disagreeable  odor  on  being  smoked.  The  aromatic  substances  may 
here  escape  perception  because  of  tbe  presence  of  other  and  undesirable 
compounds.  The  substances  which  impart  the  odor  are  easily  solnblein 
water,  since  tobacco  extracted  with  water  and  dried  again  has  no  longer 


'  Conu.  Agr.  Expt.  Station,  Auuiial  Report;  1891,  p.  185. 
«Chem.  Zeitg.,  1899,  No.  80. 
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its  characteristic  odor.  '^Nicotine  free"  cigars  made  of  Bach  tobacco 
are  also  devoid  of  any  trace  of  aroma.  Treatment  with  much  alcohol 
also  removes  the  odor  more  or  less,  and  this  alcoholic  extract  on  evapo* 
ration  at  the  ordinary  temperature  leaves  a  residue  recalling  the  odor 
of  the  tobacco.  This  residue  upon  treatment  with  ether  can  be  sepa- 
rated into  a  soluble  and  an  insoluble  part,  but  neither  of  these  has  any 
odor,  showing  that  the  substances  which  caused  the  odor  are  easily 
volatilized  or  chemically  changed.  Indeed,  they  are  easily  changeable, 
as  can  be  observed  when  sweated  tobacco  is  distilled  with  water.  Five 
hundred  and  fifty  grams  of  Florida  tobacco  of  a  superior  odor  were 
mixed  with  eight  times  its  weight  of  water  and  nearly  300  c.  c.  were 
distilled  off'.  On  the  surface  of  the  slightly  turbid  distillate,  which  had 
a  weak  but  rather  disagreeable  odor,  resembling  somewhat  that  of  ran- 
cid oils,  minute  oil  drops  were  seen.  Not  only  was  the  distillate  devoid 
of  any  specific  odor,  but  also  the  contents  left  in  the  flask  had  lost  the 
original  odor.  The  odor  is  also  easily  removed  by  dry  heat.  Two 
hours  exposure  to  air  at  a  temx>erature  of  100^  C.  (212o  F.)  suffices  to 
deprive  tobacco  of  most  agreeable  odor  of  this  desirable  quality. 

Tobacco  leaves,  even  from  the  best  tobacco  regions,  are  by  no  means 
distinguished  by  peculiar  flavor  in  their  fresh  or  cured  state.^  The 
curing  exerts  a  beneficial  effect  upon  the  quality  of  the  aroma  only  in 
80  far  as  a  part  of  the  i)roteiii  is  destroyed  by  it.  Cured  tobacco,  even 
from  the  best  sources,  has  a  mere  straw  odor.  The  fine  odor  and  genu- 
ine aroma  are  generated  by  the  sweating  process.  The  better  regulated 
the  sweating  process,  the  finer  the  aroma,  other  things  being  equal. 
Whenever  the  sweat  is  not  proceeding  well — ascribed  sometimes  to  a 
high  fat  content,  or  perhaps  caused  by  imperfect  curing,  or  by  inju- 
ries to  the  oxidizing  enzynis  in  the  curing  barn — the  product  will  have 
a  poor  aroma.  These  circumstances  make  it  clear  that  the  original 
resin  in  the  leaves  can  not  be  the  cause  of  the  aroma,  as  some  aathors 
have  surmised.  Indeed,  the  resinous  matter  from  fresh  or  cured  leaves 
does  not  show  any  particular  flavor  when  heated;  neither  has  the  ethe- 
real oil  contained  in  the  hairs  of  the  fresh  leaves  a  beneficial  effect  on 
the  quality  of  the  tobacco. 

It  is  well  known  that  it  is  especially  the  so-called  gummy  leaves  that 
sweat  best  and  give  the  finest  aroma.  Such  leaves  are  found  among 
the  upper  and  not  among  the  lower  or  sand  leaves,  and  are  very  rich  in 
extractive  matters.  When  such  leaves  are  shrinking  in  the  process  of 
dr3ring  in  the  curing  process,  these  soluble  matters  may  sometimes  be 
forced  to  the  surface,  to  some  extent,  in  the  form  of  a  concentrated  solu- 

*  While  the  Juice  of  fresh  tobacco  leaves  assumes,  after  a  short  time,  the  oilor  of 
oacambers,  fresh  leaves  dried  at  50^  C,  and  afterwards  moderately  warmed  with 
water,  gradually  develop  the  agreeable  odor  of  dried  malt;  an  interesting  fact,  Hince 
the  germinating  barley  on  the  malting  floor  also  at  first  develops  the  odor  of  cucum- 
bers. 
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tioiiy  hence  such  leaves  feel  sticky  or  gummy  to  the  touch.  By  a  thor- 
ough sweat  tbis  '^gum  is  taken  out,"  as  the  manufieicturer  says;  in  other 
words  these  extractive  matters  are  more  or  less  oxidized.*  It  is  t^ieie- 
fore  of  interest  to  determine  the  amount  of  soluble  matter  left  after 
sweating.  GDhis  amount  varies  considerably,  from  30  to  54  per  cent. 
The  insoluble  matter  consists  mainly  of  cellulose,  lignin,  protein,  color- 
ing matter,  fat,  resin,  and  ash.  With  some  samples  the  following 
results  were  obtained: 


1. 

2. 

3. 

4. 

Soluble 

37.1 
62.  t) 

33.8 
00.2 

37.5 
82.5 

44.a 

Insoluble 

».7 

Sample  No.  2  showed  saline  efflorescences  (so-called  ^'  saltpeter")  on 
the  veins.  Sample  No.  4  consisted  of  co-called  ^'  gummy  leaves.^  The 
ash  varied  from  19.4  to  22.1  per  cent  in  those  samples. 

It  was  formerly  believed  that  the  aroma  was  chiefly  due  to  the  so- 
called  tobacco  camphor  or  niootianine — a  crystalline  volatile  product 
which  was  obtained  by  distillation  of  sweated  tobacco  with  water. 
Hermbstadt  tried,  as  early  as  1821,  to  isolate  this  aromatic  principle. 
On  distilling  various  samples  vnth  six  times  the  weight  of  water  he 
obtained  a  distillate  yielding  a  precipitate  with  acetate  of  lead, 
from  which  a  crystallized  compound  of  a  strong  tobacco  flavor  was 
obtained,  which  he  called  nicotianine.  Later  on  this  product  was 
studied  by  Posselt  and  Lieman,  and  also  by  Barral.  Two  formulas 
have  been  calculated  from  BarraPs  results,  namely,  OssHazNsOs  and 
C36H48N305.  Barral  states  that  it  yields  nicotine  on  distillation  with 
potassa.  This  product  may  |>ossibly  be  formed  from  nicotine  in  the 
process  of  sweating,  but  it  is  by  no  means  contained  in  every  tobacco. 
A  number  of  chemists  have  failed  to  observe  it  and  the  writer  has  tried 
in  vain  to  obtain  it  from  Florida  tobacco. .  The  aqueous  distillate  from 
the  Florida  tobacco  contained,  besides  small  oil  drops,  some  ammonium 
carbonate,  and  the  precipitate  obtained  with  basic  acetate  of  lead  was 
nothing  but  lead  carbonate.^  Probably  the  nicotianine  is  only  an  occa- 
sional x>roduct  in  very  heavy  tobacco.  Odor  as  well  as  aroma  is  evi- 
dently caused  not  by  a  single  compound,  but  by  a  mixture  of  com- 


'  The  'word  *'  gum  "  is  applied  in  other  couDtries  in  the  same  sense  as  the  word 
''  life "  is  with  tobacco  in  America,  signifying  a  certain  elasticity  of  the  tobacco 
leaves.  The  word  ''gum ''  in  this  connection  is  derived  from  the  erroneous  idea  that 
the  elasticity  is  caused  by  a  content  of  "  gummi  elasticum ''  or  caoutchouc.  Behreoa 
has  recently  shown  that  the  ''life^'  of  fermented  tobacco  leaves  is  due  to  a  greater 
amount  of  hygroscopic  moisture,  caused  by  a  higher  percentage  of  malates  of 
potassa  and  soda. 

^The  results  obtained  by  the  firm  of  SchimmeJ  <&  Co.,  in  Leipzig  (recently  pnl>' 
lished  in  Chemiker-Zeitung,  1899,  No.  80),  are  in  full  accord  with  the  writer's  obser- 
vations.  No  nicotianine,  but  considerable  ammonia  was  present  in  the  aqueouB 
distillate  of  the  sweated  tobacco  tested. 
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poands,  nicotine  contributing  in  a  certain  measure  to  the  formation  of 
theae.^ 

It  was  observed  by  JeukinSy  Behrens,  Kissling,  and  others  that  a 
CCTtain  amount  of  nicotine  (one-fourth  to  one-third)  is  destroyed  by 
the  pro<se8sof  sweating;  henoe  it  is  natural  to  connect  the  formation  of 
aromatic  products  with  the  disappearance  of  a  certain  portion  of  the 
nicotine.  Cured  tobacco  rich  in  nicotine  may,  by  a  thorough  sweat, 
become  x><>or  in  nicotine  and  rich  in  aroma,  while  after  an  insufficient 
sweafc  it  will  be  rich  in  nicotine  but  i)oor  in  aroma. 

It  is  a  well-known  fact  that  a  high  content  of  nicotine  in  a  cigar  is 
often  associated  with  a  "poor  aroma.  Strong  cigars  are  not  always  the 
best.  But  all  attempts  to  produce  by  jMurtial  oxidation  of  nicotine  sub- 
stances of  an  aroma  similar  to  that  of  good  cigars  have  thus  &r  failed. 
By  moderate  oxidation,  as  brought  on  by  silver  oxide  or  hydrogen 
peroxide,  nicotyrine  and  oxynicotine  result,  while  by  a  more  powerful 
oxidation  nicotic  acid  is  formed — ^products  which  have  no  relation  to  the 
odor  and  aroma  of  sweated  tobacco.  The  writer  has  also  applied  plati- 
num-black as  an  oxidizing  agent.  It  was  left  to  act  for  several  weeks 
on  a  4-per-cent  aqueous  solution  of  nicotine  at  the  ordinary  temi>erature 
as  well  as  at  about  5(P  0.,  but  the  desired  effect  was  not  observed| 
although  the  nicotine  became  much  altered.  Evidently  the  oxidation, 
caused  by  the  oxidizing  enzyms  in  the  sweating  heaps,  takes  a  different 
direction. 

Recent  investigations  of  Thoms^  have  shown  that  the  flavor  of  the 
tobacco  smoke  is  chiefly  due  to  an  ethereal  oil  which  is  produced  by  dry 
distillation  in  the  process  of  smoking  from  a  product  of  the  sweat 
Twenty  kilos  of  tobacco,  smoked  by  an  aspirator,  yielded  75  grams  of 
this  oil,  which  was  of  a  stupefying  odor  and  produced  headache  and 
trembling  of  the  limbs  when  inhaled  in  a  concentrated  state.  It  con- 
tained, among  other  things,  9  grams  of  a  phenol  of  creosote-like  odor. 
The  best  method  of  avoiding  the  poisonous  action  of  the  tobacco 
smoke  while  enjoying  its  beneficial  stimulating  effects  is  found  with 
the  Turks,  Arabs,  and  Persians.  The  use  of  a  wash  bottle  (nafas) 
before  the  smoke  reaches  the  mouth  removes  a  great  deal  of  the  poison- 
ous products.  Gtorgiades  found  that  each  18  grams  of  tobacco  (a 
pipe  full)  showed  0.947  gram  nicotine,  the  nafas  through  which  this 
qoantity  of  tobacco  was  smoked  showed  0.595  gram  nicotine,  while  the 
washed  smoke  from  same  amount  contained  but  0.0225  gram. 

INJURY  TO  THE  ABOMA. 

The  aroma  may  be  injured  by  various  causes,  as,  for  example,  by  a 
bigh  content  of  fat  or  of  protein  in  the  tobacco.    Certain  tobaccos  which 

'  Opinions  as  to  the  formation  of  the  aroma  are  mnch  divided.  Van  Bemmelen 
(Landw.  Vers.  Stat.  37,  388)  holds  that  the  organic  aoids  of  the  leaves  have  a 
Mrtain  influence. 

*Chem.-Zeitg.,  1899.,  No.  80. 
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have  a  fine  odor  at  the  ordinary  temperatore  have  bat  a  poor  aromft 
when  smoked,  since  the  aromatic  substances  may  be  disguised  by  the 
products  of  dry  distillation  of  fat  and  protein  when  the  cigar  is  smoked. 
A  high  fat  content  is  indeed  very  injurious.  Other  compounds  alsOi 
interfering  seriously  with  the  aroma,  appear  sometimes  to  be  produced 
under  certain  climatic  conditions.  For  example,  the  tobacco  produced 
in  Connecticut  in  the  unusually  wet  season  of  1897  was  so  inferior 
that  the  sales  did  not  pay  the  outlay  for  fertilizers.^  The  buyers 
claimed  that  the  cured  tobacco  had  a  ^'  stink ''  about  it. and  that  it  also 
showed  a  similar  odor  after  sweating.  Such  injurious  products  seem 
not  infrequently  to  be  present.  It  is  on  this  account  that  tobacco  is 
subjected  in  certain  factories  to  a  strong  current  of  air  for  twenty-four 
hours  at  the  ordinary  temi)erature,  in  order  to  take  out  the  ^'rank^ 
odor  before  it  goes  to  the  bench  for  cigar  making.  Indeed  the  air 
which  has  passed  through  such  tobacco  contains  a  very  sharp  substance 
which  brings  tears  to  the  eyes. 

The  influence  of  climate  upon  the  formation  of  certain  products  in 
the  tobacco  plant  may  also  be  inferred  from  an  observation  made  by 
Schimmel.  While  43  kilograms  of  tobacco  from  South  America  yielded 
on  distillation  with  water  mere  traces  of  a  volatile  oil,  15  kilograms  of 
German  tobacco  yielded  6  grams  of  a  thick  and  dark-colored  oil  having 
an  odor  similar  to  that  of  camomile.  This  oil  contained,  according  to 
Thoms,  no  terpens,  but  it  contained  among  other  things  a  small  amount 
of  a  phenol.  A  further  injury  to  the  aroma  is  to  be  expected  from  the 
treatment  of  the  tobacco  in  the  Held  with  paris  green '  and  other  arse- 
nious  preparations  to  destroy  caterpillars.  Many  tobacco  growers 
avoid  the  use  of  such  preparations  altogether  and  do  not  begrudge  tlic" 
extra  expense  for  the  labor  required  in  picking  off  the  caterpillars  by 
hand.  Others  apply  Paris  green  only  in  the* young  stages  of  the  plant— 
1  part  well  mixed  with  100  parts  of  flour — but  in  certain  districts, 
where  caterpillars  occasionally  become  very  numerous,  Paris  green  is 
applied  on  tlie  ripening  leaves  in  proportions  of  about  one-fourth  of  a 
pound  to  40  gallons  of  water.  In  one  pound  of  sweated  tobacco  from 
such  fields  M.  Peter  found  from  a  trace  to  1.7  grains  arsenious  acid.' 
Such  tobacco  when  smoked  may  be  expected  to  have  a  disagreeable 
odor,  since  even  the  smallest  quantity  of  arsenious  acid  produces,  in 
contact  with  a  glowing  substance,  a  disagreeable  odor  resembling  that 
of  garlic.  But  more  serious  than  the  injury  to  the  aroma  is  the  injury 
to  health  when  such  poisoned  tobacco  is  habitually  smoked.  An  injury 
to  the  odor  of  tobacco  may  also  be  caused  by  the  development  of  certain 
fungi  on  cigars  kept  in  a  too  moist  atmosphere.  Even  a  putrid  odor 
may  thus  be  produced,  as  Splendore  has  observed  in  one  case.^ 


'On  the  other  hand  too  dry  seasons  are  just  as  injnrions,  sinre  the  tohaooo  pro- 
duced may  refuse  to  sweat. 

'This  would  correspond  to  0.025  per  cent  arsenious  acid  or  about  0.06  per  cent 
pariH  jirreen. 

*I1  tobacco,  p.  11,  1899. 
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Nnmerons  experiments  have  been  made  to  improve  the  aroma  of 
poor  tobacco.  Oxidizing  media  have  been  apphed  to  destroy  supposed 
injnrioas  by-products.  The  writer  tested  the  action  of  a  1  per  cent 
Bolntion  of  potassium  permanganate  for  five  minutes,  but  the  results 
were  not  encouraging,  on  account  of  the  injury  to  certain  other 
properties. 

Other  methods  consist  in  the  application  of  substances  of  powerful 
aroTDa.  For  example,  we  find  among  the  ingredients  for  the  preparation 
of  petuniug  liquids  anise  seed,  cloves,  cinnamon,  cofi'ee,  and  tincture  of 
▼alerian^^  In  Cuba  tonka  beans  and  vanilla  beans  are  also  used  to 
improve  the  aroma,  but  with  very  rank  tobaccos  even  such  ingredients 
prove  insufficient.  The  important  question  of  how  to  improve  poor 
products  deserves  careful  attention  and  further  detailed  studj^^  * 

■ 

NITRITE  CONTAINED   IN  SWEATED  TOBACCO. 

Although  the  tobacco  of  commerce  has  been  the  object  of  frequent 
and  numerous  analyses,  one  compound  occasionally  occurring  in  it  has 
thus  far  been  entirely  overlooked.  It  is  the  nitrous  acid  present  in  the 
form  of  nitrites.  While  nitrates  frequently  occur  in  various  living 
plants  and  also  in  fresh  tobacco  leaves,  nitrites  do  not.  Indeed,  these 
salts  would  act  very  poisonously  on  the  living  cells  if  they  accumu- 
lated to  even  a  small  degree.  The  writer  has  observed  that  the  x>oison- 
ous  character  of  free  nitrous  acid  is  so  great  that  it  kills  algse  after  one 
day,  even  at  a  dilution  of  1  part  to  100,000  parts,  although  its  acid 
character  is  so  weak  that  it  is  easily  liberated  from  the  nitrites  by 
dilute  organic  acids,  such,  for  example,  as  are  contained  in  the  cell  sap 
of  most  plants;  hence  the  salts  of  nitrous  acid  are  also  very  strong 
poisons  wherever  an  acid-cell  sap  in  the  plants  can  liberate  nitrous  acid 
from  them. 

When  tobacco  leaves  rich  in  nitrates,  however,  are  subjecte<l  to  the 
sweating  process  after  being  cured  a  portion  of  the  nitrates  is  reduced, 
whereby,  as  an  intermediate  step,  nitrites  are  formed,  ammonia  repre- 
senting the  final  product.  Some  sweated  tobaccos  are  so  rich  in  nitrite 
that  a  concentrated  extract,  even  when  prepared  in  the  cold,  gives  a 
decided  odor  of  nitrous  acid  upon  the  addition  of  sulphuric  acid,  and 
even  the  smallest  quantity  of  the  extract  produces  at  once  separation  of 
iodine  from  i>otassium  iodide  on  addition  of  a  little  sulphuric  cicid. 
When  upon  dilution  the  brown  coloration  of  the  tobacco  extract  is 
sufficiently  diminished,  the  well-known  test  of  Ones  for  nitrites  is  also 
easily  obtained.  The  tobacco  extract  containing  nitrites  gives  a  blue 
reaction  with  tincture  of  guaiac,  but  this  reaction  of  nitrous  acid  is  also 
obtained  after  boiling  the  extract  for  a  minute,  while  the  similar  blue 
reaction  caused  by  oxidase  is  made  impossible  aft^er  heating  the  extract 
a  short  time  to  67o  C.  (163o  F.),  or,  if  the  extract  is  weakly  alkaline. 


B«port  No.  62  (p.  17),  U.  8.  Department  of  Agrioalture.    Marcus  L.  Floyd. 
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to  75<^  O.  (167<^  F.).    By  this  control  test  erroneoas  conclusions  can 
be  avoided. 

An  accnmulation  of  nitrites  in  the  sweating  tobacco  might  in  the 
course  of  some  weeks  attack  the  oxidizing  enzyms  at  the  temperature  of 
the  fermenting  heaps,  thus  terminating  this  process  sooner  than  deup- 
able.  Hence  nitrates  should  not  be  applied  in  too  large  quantities  io 
the  manuring  of  tobacco  fields,  since  they  may  give  rise  to  the  forma- 
tion of  nitrites  in  the  sweating  process.  Bacterial  action  need  not  be 
assumed  in  this  process, 

AMOUNT  OP  HEAT  PBODUOBD  BY  SWEATING  IN  BX7IJ& 

Since  the  loss  of  organic  substance  from  the  cured  leaves  in  the  sweat- 
ing in  bulk  amounts  to  about  5  per  cent  dry  matter,  and  the  cored 
leaves  consist  of  nearly  40  per  cent  of  carbon  and  6  per  cent  of  hydro- 
gen, an  approximate  calculation  can  be  made  as  to  the  amount  of  heat 
generated  by  the  oxidization  going  on  in  the  heap.  For  an  accurate 
calculation  it  would  be  necessary  to  know  the  exact  amount  of  carbonic 
acid  and  water  formed  by  the  oxidation,  and  further,  how  much  of  the 
carbonic  acid  was  generated  from  previously  present  carboxyl  groups, 
and  how  much  water  was  generated  from  previously  present  hydroxyl 
groups;  moreover,  it  should  be  known  how  much  total  ammonia  is 
produced  in  the  sweat.  But,  on  the  assumption  that  only  one-half  of  the 
carbonic  acid  and  one-half  of  the  water  produced  are  due  to  perfect 
combustion,  and  that  thecarbon  and  thehydrogen  in  these  products  show 
the  same  proportion  as  in  the  cured  tobacco,  we  will  obtain  numbers 
which  are  certainly  rather  an  underestimation  than  otherwise.  The 
fermenting  piles  are  made  up  of  from  2,000  to  7,000  kilograms  of 
tobacco.  Let  us  assume  a  pile  with  2,000  kilograms  of  dry  matter. 
The  5  per  cent  loss  after  the  sweat  would  then  amount  to  100  kilo- 
grams. According  to  our  assumption  this  would  involve  a  complete 
combustion  of  20  kilograms  of  carbon  and  3  kilograms  of  hydrogen. 
Since  one  gram  of  carbon  produces  7,678  units  of  heat  and  one  gram  of 
hydrogen  33,808  units  of  heat,  it  follows  that  20  kilograms  of  carbon 
would  yield  153,560  m^or  calories  and  3  kilograms  of  hydrogen  101,400 
major  calories.  This  heat  would  suffice  to  heat  up  254,960  liters  of 
water  for  1^  O. 

CONCLUSION. 

Various  problems  relating  to  the  manufacture  of  tobacco  have  been 
touched  upon  in  this  report,  some  of  them  within  easy  reach  of 
solution,  others  of  a  very  difficult  nature.  The  prevention  of  fungoas 
attacks  in  the  barn  or  in  the  cases,  the  regulation  of  the  temperature 
and  humidity  in  the  curing  process,  and  the  proper  control  of  the 
sweat  are  points  that  can  easily  be  settled.  In  many  cases  the  re- 
placement of  the  stalk-curing  by  the  single-leaf  curing  process  may 
prove  a  financial  success.    But  there  are  other  problems  of  a  more 
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delicate  aud  difficult  nature,  as  the  prevention  of  the  mosaic  or  calico 
disease  and  the  proper  composition  of  the  tobacco  leaf  while  ripening. 
Upon  this  comi)08ition  depends  the  development  of  a  desirable  aroma 
in  the  sweating  process.  Glimate  and  weather  are  here  such  potent 
fpctors  that  human  art  can  accomplish  directly  but  little.  Too  cool 
a^id  rainy  weather  may  favor,  for  example,  the  production  of  fatty 
matter,  which  certainly  exerts  an  unfavorable  effect  upon  the  aroma 
in  smoking.  There  may  be  produced,  however,  still  other  products 
which  are  unfavorable  to  the  aroma.  Too  dry  weather  may  also  inter- 
fere with  the  proper  composition  of  the  ripening  tobacco  leaves.  By 
crossing  and  selection,  however,  varieties  of  tobacco  may  possibly  be 
produced  that  even  under  unfavorable  climatic  conditions  will  not  form 
much  of  the  compounds  which  injure  the  aroma.  In  regard  to  the 
selection  of  the  seed,  it  may  be  mentioned  that  even  now  some  farmers 
go  so  far  .as  to  import  their  seed  directly  from  Ouba  each  year. 
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Depabtment  of  Agriculture, 

Office  of  Assistant  Secretary, 
Washington^  D.  C,^  July  5,  1900, 
Sir:   1  have  the  honor  to  transmit  for  your  approval,  as  a  report  for 
public&tion,  a  manuscript  prepared   by  Mr.  J.  E.  Dodge,  formerly 
statistician  of  this  Department,  upon  the  sheep  and  wool  industry  in 
the  United  States.     The  purpose  of  this  report,  as  I  instructed  the 
author,  was  to  review  the  history  and  development  of  the  sheep  indus- 
try in  this  country  and  to  trace  the  history  of  our  domestic  wool  in 
particular,  the  variation  in  prices,  and  the  nature  and  extent  of  foreign 
competition.     It  has  not  been  possible  of  course  in  such  a  report  to 
eliminate  reference  to  tariff  legislation  and  its  general  effects  on  this 
industry,   nor  to  avoid  pointing  out  in  some  degree  the  I'espective 
interests  of  wool  growers  and  manufacturers.     In  doing  so,  however, 
everv  effort  has  been  made  to  confine  the  discussion  to  the  mere  facts 
with  as  little  of  argument  and  theory  as  possible. 

The  author  has  done  his  work  well,  and  I  cordialh'  recommend  its 
publication  as  Report  No.  ^^  of  this  Depailment. 
Very  respectfully, 

J.  H.  Brioham, 

Assistant  Secreta/ry. 
Hon.  James  Wilson, 

Secretary. 
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Washington,  D.  C,  July  J,  1900, 

Sir:  In  fulfilling  your  commission  to  investigate  the  present  condi- 
tion of  American  sheep  husbandry,  with  a  concise  and  comprehensive 
review  of  past  progress  and  its  degree  of  success  in  meeting  the 
demand  for  manufacture,  I  respectfully  submit  the  following  report. 
It  touches  lightly  on  the  early  history  of  the  industry  in  the  colonial 
period,  briefly  refers  to  the  eventful  era  of  Spanish  Merino  importa- 
tion, and  considers  the  tendencies  of  breeding  to  meet  the  wants  of 
manufacture,  the  economies  of  woolgrowing,  and  the  great  change  in 
enlargement  of  production  and  improvement  of  quality  of  mutton.  It 
shows  progressively  the  measure  and  quality  of  the  domestic  wool 
supply.  It  traces  the  periods  of  decline  and  revival,  analyzes  recent 
tariff  changes,  compares  i*ates  of  duty,  indicates  partially  the  effects 
of  the  f i-ee  wool  era,  and  closes  with  a  showing  of  present  conditions. 
Very  respectfully, 

J.  R.  Dodge, 

Special  Agent, 
Hon.  J.  H.  Brioham, 

Assistant  Secretary, 
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;P  AND  WOOL:  A  EEVIEW  OF  THE  PROGRESS  OF 
AMERICAN  SHEEP  HUSBANDRY. 


BBIEF  HISTOEY  OF   WOOLGBOWING  IN  OOIiONIAL  TIMES. 

The  first  settlers  in  the  American  colonies  in  Virginia,  in  Massachu- 
settSy  and  in  New  York  either  brought  sheep  with  them  or  with 
earliest  importation  of  supplies  from  the  native  land.  With  furniture 
and  household  equipment  came  the  loom  and  the  spinning  wheel.  The 
matrons  of  the  household  were  weavers  and  the  daughters  spinsters. 
The  clothing  of  the  country  people  was  largely  of  domestic  manufac- 
ture from  wool  grown  on  the  farm. 

The  sheep  were  mainly  from  the  countries  of  the  settlers — England 
and  Holland.  They  were  of  coarse-wool  breeds,  but  not  the  highly 
improved  breeds  of  the  long  and  middle  wools  of  to-day.  They  were 
of  less  weight,  longer  of  limb,  less  compact  and  symmetrical  of  body, 
and  of  lighter  fleece.  Those  from  England  were  the  unimproved 
progenitors  of  the  mutton  breeds,  which  have  been  moulded  by  slow 
degrees  of  patient  breeding  into  the  present  forms. 

It  is  said  that  the  first  sheep  brought  into  the  colonies  landed  at 
Jamestown,  Va.,  in  1609.  Settlement  was  slow  and  increase*  of  sheep 
moderate,  but  in  1649  the  number  in  Virginia  was  reported  at  3,000. 
There  were  early  importations  into  Massachusetts,  and  by  1640  the 
number  was  estimated  at  3,000.  The  Dutch  brought  over  sheep  to 
New  Netherlands  in  1625  and  again  in  1630.  A  Swedish  colony  in 
1663  brought  80  into  Delaware.  All  of  the  colonies  introduced  flocks 
and  encoui-aged  domestic  manufacture  of  wool. 

Colonial  legislatures  encouraged  woolgrowing  and  manufacture. 
In  1645  Massachusetts  enacted  a  law  for  the  encouragement  of  the 
raising  of  sheep;  and  in  1656  one  was  passed  requiring  each  family 
to  spin  three  pounds  of  wool,  cotton,  or  flax  per  week  for  thiHy  weeks 
of  the  year.  In  the  same  year  a  skilled  weaver,  induced  by  a  grant 
of  30  acres  of  land,  settled  in  Lowell,  Mass.,  which  has  since  become 
a  great  center  of  textile  industry.  Virginia,  a  little  later  (1662),  pro- 
hibited the  exporting  of  wool  and  offered  a  bounty  of  five  pounds  of 
tobacco  (Virginia  currency)  for  every  yard  of  cloth  made  in  the  colony. 
Two  years  later  the  general  assembl}^  provided  for  the  establishment 
of  looms  and  weavers  in  eac»h  countv.  The  other  colonies  enacted 
Ws  for  the  encouragement  of  woolgrowing  and  manufacture. 
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Eflforts  were  early  made  to  encourage  weavers  and  artisans  to  come 
from  foi*eign  countries  and  establish  a  germ  of  the  later  factory  sys- 
tem by  building  and  operating  fulling  mills,  thus  supplementing  the 
results  of  domestic  manufacture.  They  so  increased  in  the  following 
century  that  the  carding,  weaving,  and  spinning  of  wool  and  the  dress- 
ing of  cloth  became  general  in  all  the  colonies  before  the  war  of  the 
Revolution. 

As  the  friction  between  the  mother  country  and  the  colonies  became 
intense,  and  the  colonies  were  ripening  for  the  revolution,  a  patriotic 
impulse  for  the  wearing  of  homespun  and  the  discarding  of  English  ! 
goods  became  general.  It  is  said  that  the  Harvard  graduating  class 
in  1770  appeai*ed  in  black  cloth  of  New  England  manufacture.  Simi- 
lar patriotic  impulses  actuated  colonial  officials  and  professional  and 
business  men,  and  women  vied  with  the  men  in  their  patriotic  devo- 
tion to  homespun. 

Societies  for  the  promotion  of  agriculture  sought  to  encourage  and 
promote  woolgrowing  by  essays  and  premiums.  In  1785  a  medal  was 
offered  by  a  South  Carolina-society  for  the  first  flock  of  Merino  sheep 
kept  in  the  State,  but  it  was  eight  yeai*s  before  the  first  individual  of 
that  breed  was  imported  into  any  of  the  States. 

Washington  was  an  importer  of  the  improved  English  sheep. 
Prominent  Virginians  took  a  positive  interest  in  the  extension  and 
improvement  of  sheep  husbandry.  There  were  few  that  were  indiffer- 
ent to  a  subject  so  important.  Only  one,  as  recorded  in  the  history  of 
the  time,  the  eccentric  John  Kandolph  of  Roanoke,  was  so  averse  to 
it  that  he  expressed  a  willingness  at  any  time  to  go  out  of  his  way  a 
mile  "td  kick  a  sheep." 

In  the  other  colonies  the  public  men  were  ever  the  friends  of  wool- 
growing.  It  was  a  subject  of  vital  interest  to  all,  as  clothing,  next  to 
food,  is  the  greatest  physical  want  of  humanity.  Cotton  was  scarce 
and  high,  and  wool  for  the  winter,  as  flax  for  the  summer,  was  f^n 
ever-admitted  necessity  of  existence.  Public  men,  almost  without 
exception,  were  favorable  to  the  encoui'agement  by  legislation,  by 
premium  and  bounty,  of  the  manufacture  of  wool.  Societies  and  a 
general  consensus  of  public  opinion  promoted  and  facilitated  personal 
effort  for  the  extension  of  woolgrowing  and  wool  manufacture.  This 
was  the  situation  at  the  time  of  the  establishment  of  the  National  Gov- 
ernment. There  is  no  record  of  numbers  of  sheep,  but  in  propoition 
to  population  they  may  have  been  nearly  as  numerous  as  at  present, 
though  not  yielding  as  heavy  fleeces.  Twenty  yeara  afterwards,  under 
the  influence  of  the  Merino  excitement  and  a  forecast  of  war,  there 
were,  according  to  the  best  estimates,  more  sheep  than  people,  a  num- 
ber larger  in  proportion  to  population  than  at  any  time  since;  a 
number  in  1810  as  great  as  would  be  100,000,000  for  the  present  popu- 
lation; a  numl)er  equal  to  the  flocks  of  Australasia  or  those  of  the  Plato 
River  countries  of  South  America  at  the  present  time. 
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INTRODUCnON  AND  IMPROVEMENT  OF  THE  MERINO. 

The  Spanish  Merino  is  the  foundation  of  the  present  fine-wool  flocks 
of  all  countries.  This  type  of  sheep  antedates  -the  Christian  era. 
Sheep  were  held  in  Spain  by  the  king,  the  nobles,  the  clergy,  and  oth- 
ers, and  their  exportation  was  prohibited.  Until  the  nineteenth  cen- 
tury none  could  be  obtained  except  by  royal  favor  or  by  smuggling, 
which  was  very  difficult.  In  1765  three  hundred  were  introduced  into 
Saxony  by  royal  courtesy  and  were  the  origin  of  the  Saxon  improve- 
ment. They  were  said  to  be  mostly  of  the  Escurial  family,  assumed 
to  bear  the  finest  wool.  Other  families  were  the  Infantados,  Paulars, 
Negrettis,  Montarcos,  Guadaloupes,  and  Aguirres.  The  Infantado 
waii  a  popular  breed  (progenitor  of  most  American  flocks),  with  soft, 
silky,  and  gummy  wool;  the  Paulars  were  perhaps  the  handsomest; 
the  Aguirres  were  better  covered  in  face  and  legs  and  the  wool  was 
more  crimped  than  that  of  the  Paulars;  the  Negrettis  were  tall  and 
homely  with  wool  still  more  crimped;  and  the  Guadaloupes  were  tall 
and  rather  ungainly  with  thick  crimped  wool. 

The  French  Merino  had  its  origin  in  the  breeding  of  the  royal  sheep 
foldi)  at  Rambouillet,  beginning  with  300  imported  from  Spain  by 
royal  favor  in  1786.  A  record  of  the  average  weights  of  their  fleeces 
in  the  last  years  of  the  eighteenth  century  was  from  7  to  9  pounds. 
This  was  only  the  beginning  of  the  improvement  that  produced  the 
lai-ge  forms  and  fleeces  of  later  days. 

There  is  a  record  of  three  Merinos,  imported  in  1793  by  Mr.  Wil- 
liam Foster,  of  Boston,  who  gave  them  to  a  friend  who  killed  them  for 
mutton.  In  the  first  year  of  this  centuiy  a  French  banker,  De  Lessert, 
sent  four  ram  lambs  to  this  country,  only  one  surviving,  which 
founded  some  good  grade  flocks  for  his  owner,  Mr.  E.  I.  Dupont,  near 
Wilmington,  Del.  In  the  same  year  Seth  Adams  of  Zanesville, 
Ohio,  imported  a  pair  of  Spanish  sheep.  In  1802  the  American  minister 
to  France,  Mr.  Livingston,  sent  home  two  pairs  of  French  Merinos 
from  the  royal  flock  at  Chalons  and  afterwards  one  from  Rambouillet. 
About  1810  he  sold  full-blooded  ram  lambs  at  11,000  each  and  grades 
at  very  high  prices.  He  sold  the  wool  of  full  bloods  at  f2  per 
pound,  of  tiiree-fourths  bloods  at  $1.25,  and  of  half  bloods  at  75  cents. 
Later  in  the  same  year  Colonel  Humphi'eys,  the  American  minister 
to  Spain,  brought  home  21  rams  and  70  ewes,  believed  to  be  of  the 
Infantado  family,  very  carefully  selected,  and  from  this  impoitation 
may  be  traced  some  of  the  finest  flocks  of  the  present  day.  The  Atwood 
strain,  now  in  high  i-epute,  originated  in  a  flock  founded  by  Stephen 
Atwood,  of  Woodbury,  Conn.,  with  stock  from  the  Humphreys  impor- 
tation, which  have  been  bred  in  great  purity  to  the  present  day.  His 
first  purchase  was  a  ewe  bought  for  $120. 

^   There  were  small  impoi-tations  in  1803  and  1807.     In  1809  and  1810 
'Mr.  William  Jarvis,  the  American  consul  at  Lisbon,  Portugal,  bought 
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of  the  Spanish  Junta,  from  confiscated  flocks  of  Spanish  noblemen, 
and  isent  to  various  parts  of  this  country  8,850  Merinos.  Fully  a  third 
of  these  wei-e  Aguirres;  the  remainder  Escurials,  Montarcos,  Paulars, 
and  Negrettis.  He  not  only  mixed  his  large  flock,  but  afterwards 
crossed  with  the  Saxon  Merino.  Befol^  the  cross  the  average  weight 
of  his  pure-bred  fleeces  was  4  pounds.  Randall  says  that  3,500  to  5,000 
Spanish  Merinos  were  imported  by  other  persons  in  1809,  1810,  and 
1811. 

There  was  little  excitement  about  the  earlier  importations  up  to 
1807.  Then  the  difficulties  with  England  and  France  called  attention 
to  the  necessity  of  providing  a  domestic  supply  of  wool,  the  embargo 
intensified  popular  interest  in  the  matter,  and  the  war  of  1812  shut  off 
foreign  supplies.  It  is  not  strange  that  prices  rose  to  the  extreme  of 
$2.50  per  pound  for  wool  and  $1,000  or  more  for  a  puye-bred  aheep. 
After  peace  was  declared,  however,  and  a  flood  of  foreign  goods  was 
admitted,  they  became  a  drug  in  the  market  at  a  dollar  a  head. 

The  Saxon  Merinos  were  imported  in  large  numbers  between  1824 
and  1848.  During  that  period  this  very  fine-wool  breed  had  the  pref- 
erence, and  the  owners  of  Spanish  sheep  hastened  to  obtain  a  Saxon 
cross,  which  reduced  the  weight  of  fleece  and  weakened  the  constitu- 
tion of  the  sheep.  The  Saxons  produced  the  finest  of  wool,  but  they 
lacked  constitutional  vigor.  Fine  flocks  have  been  kept  here  from 
that  day  to  this,  though  few  for  years  past  and  very  few  at  present 
In  that  Saxon  boom  their  good  name  was  injured  by  frauds  in  selling 
grades  for  pure  bloods.  Their  failure  to  sustain  their  jx)pularity  was 
due  mainly  to  the  fact  that  the  price  of  Saxon  wool  was  not  sufficiently 
high  to  offset  the  light  weight  of  fleece. 

The  great  Jarvis  flock,  in  which  five  families  were  mixed,  was  bred, 
unwisely,  to  accommodate  the  manufacturers,  sires  of  a  lighter  color, 
the  Escurial  chiefly,  being  used  instead  of  the  darker-colored  or  yolkier 
families.  His  sheep  were  more  compact  than  the  average  Spanish,  but 
much  like  them  otherwise.  Some  of  his  ewes  yeilded  4  or  4i  pounds 
of  washed  wool.  This  flock  finally  lost  its  identity  in  other  breeding 
flocks. 

The  Atwood  flock  was  the  first  example  of  patient,  skillful,  and  long- 
continued  breeding  (from  1813  to  1830).  It  was  built  up  with  careful 
selections  from  the  Humphreys  importation,  and  afterwards  maintained 
and  improved  by  selection  of  individuals  within  the  flock.  In  1840 
the  form  was  Spanish  slightly  modified,  wool  short,  fine,  well  crimped, 
shorter  on  the  belly,  not  yet  fully  covering  legs  and  head.  Some  of 
the  rams  had  pendulous  dewlaps  and  neck  folds  or  wrinkles.  As  the 
Spanish  Merino  came  into  especial  favor,  this  flock  became  popular, 
and  colonies  were  scattered  through  the  country,  especially  in  New 
York,  some  deteriorating,  others  continuing  to  improve.     This  was  a 
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notable  beginning,  worthy  of  all  praise,  but  not  yet  was  the  American 
Merino  thoroughly  established  as  a  new  breed  of  the  Merino  type. 

Though  many  breeders  worked  together  in  the  improvement  whioh 
has  developed  the  most  notable  and  valuable  breed  of  the  world,  Mr. 
Edwin  Hammond,  of  Middlebury,  Vt.,  is  fairly  entitled  to  be  consid- 
ered the  founder  of  the  American  Merino  breed.  He  made  three 
purchases  between  1844  and  1846,  of  average  selections  from  the  dif- 
ferent qualities  of  the  Atwood  doc^k,  first  breeding  in  three  lines  of 
subfamilies,  the  dark,  the  light,  and  inteiiiiediate,  afterwards  produc- 
ing his  best  sheep  by  crossing  these  lines  with  a  skill  and  judgment 
which  entitle  him  to  rank  with  Bake  well  in  the  long- wool  improve- 
ment in  England.  He  changed  the  thin,  light-boned,  imperfectly 
covered  sheep  into  models  of  fine-wool  beauty,  large,  round,  low,  and 
strong-boned.  The  ewes  weighed,  as  reported  in  1863,  from  110  to 
140  pounds,  the  heaviest  fleece  weighing  17i  pounds.  The  mm 
"Sweepstakes,"  1856,  sometimes  referred  to  as  the  origin  of  the 
American  Merino,  as  a  breed  distinct  from  the  old  Spanish,  had  a 
weight  record  of  140  pounds  and  a  fleece  of  27  pounds. 

The  extent  of  the  improvement  Ls  indicated  by  measurements 
made  by  Mr.  Bandall  in  1861  of  individuals  of  Hammond^s  flock  in 
comparison  with  careful  measurements  in  Austria  of  Spanish  sheep  at 
the  beginning  of  the  century:  American  ram,  122  pounds;  Austrian 
Infantado,  104  pounds;  American  ewes,  100  to  114  pounds;  Austrian 
Infantado,  73  pounds.  The  Negretti  weights  were  still  lower — ram 
100,  ewe  70  pounds.  American  measurements  of  length  were  3  feet  11 
inches  to  4  feet;  Austrian  Infantado,  5  feet  4i  inches  to  5  feet  8  inches. 
American  girth  measurements  were  4  feet  f  inch  to  4  feet  4^  inches; 
Infantado,  4  feet  Hi  inches  to  5  feet.  Notice  the  decrease  in  length 
and  girth  with  increase  of  weight.  The  neck  and  legs  were  shortened 
and  the  width  of  hips  was  increased.  The  increase  in  weight  of  fleece 
was  extraordinary. 

From  this  initial  point  the  subsequent  development  and  diflferentia- 
tion  of  this  great  breed  are  sketched  very  concisely  in  the  following 
chapter. 

BREEDING    TENDENCIES   IN   WOOLGROWING   AND   THEIR   EFFECTS. 

Nothing  is  more  noticeable  in  the  history  of  our  sheep  breeding 
than  the  ever-existing  tendencies  to  change.  The.  flocks  of  one  period 
perceptibly  diflfer  from  jbhose  of  ten  years  later.  It  is  impossible  that 
it  should  be  otherwise,  for  change  is  inevitable,  and  in  a  country  of 
sach  resources,  enterprise,  and  ambition  as  our  own  this  tendency  to 
ehange  is  quickened.  To  meet  the  requirements  of  manufacturers  for 
▼arious  kinds  and  qualities  of  wool,  foreign  breeds  were  successively 
introduced,  and  they  found  here  a  new  environment,  new  conditions 
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of  cliuiate  and  feeding,  which  in  themselveB  would  induce  changes 
appreciable  in  a  few  yearn.  The  desire  of  manuf acturei-H  for  Hpecific 
qualities  of  wool,  stimulated  by  the  caprice  of  fashion  in  fabrics, 
also  promotes  a  tendency  in  breeding  to  meet  such  i-equii^ments.  A 
further  inducement  is  the  ambition  of  enterprising  breeders  to  make 
improvements  and  thus  win  i*eputations.  White  change  is  not  neces- 
sarily improvement,  the  result  of  breeders'  efforts  is,  on  the  whole, 
amid  partial  failures  and  successes,  favorable  to  improvement.  By 
going  back  to  the  first  half  of  the  century  and  making  comparisons 
we  find  that  great  progress  has  been  made — a  doubling  of  the  weight 
of  fleece,  a  greater  variety  of  wool,  and  much  better  adaptation  to  the 
requirements  of  n[ianufacturei*s  and  consumers  of  woolen  goods. 

When  the  Merino  began  to  assert  its  sway,  to  inci'ease  rapidly  the 
weight  of  fleece,  and  to  prove  to  the  satisfaction  of  the  grower  that 
there  was  money  in  wool,  the  temptation  was  strong  to  breed  to  grease 
in  order  to  give  great  weight  to  the  fleece,  15  to  20  and  even  30  pounds 
or  moi'e.  As  it  was  believed  that  wrinkles,  loose  folds  of  skin  appar- 
ently intended  for  a  larger  sheep,  would  carry  more  wool  on  the  larger 
surface,  this  breeding  to  wrinkles  became  a  fad.  The  manufacturer 
in  scouring  such  wool  found  its  weight  a  delusion,  two-thirds  or  more 
of  its  substance  disappearing  in  the  cleansing.  He  was  obliged  to  db- 
criminate  in  the  price,  and  eventually  the  grower  found  excessive 
grease  and  great  weights  of  fleece  unprofitable  and  undesirable;  hence 
wrinkles  began  to  disappear,  and  sires  with  smoother  though  lighter 
fleeces  became  progenitors  of  the  flock. 

The  dawning  of  the  worsted  era  was  observed  early  in  the  sixties.* 
There  was  a  great  scarcity  of  English  combing  wool.  England  could 
not  fill  the  demand,  nor  Canada,  and  elsewhere  the  supply  was  small. 
Our  manufacturers  urged  the  importation  of  mutton  breeds.  These 
sheep  were  brought  in  from  Canada  and  from  England  and  scattered 
through  the  country  east  of  the  Mississippi,  giving  positive  direction 
to  the  tendency  to  increase  of  the  distinctive  combing  wools  of  those 
days. 

This  did  not  suffice.  There  was  still  a  great  scarcity,  and  the  quality 
was  coarse.  A  new  era  was  opening  in  the  worsted  industry.  At  the 
French  exposition  of  1867  conspicuous  among  the  wools  displayed 
were  some  of  the  Merino  race,  distinguished  for  softness  and  length  of 
fiber,  from  France  and  from  Australia,  derived  from  French  stock. 
The  French  Merino,  the  first  of  its  race  to  become  essentially  a  mutton 
sheep  and  a  producer  of  combing  wool  of  much  finer  quality  than  the 
English  combing  wool,  made  possible  the  fabrication  of  beautiful 
goods  for  women's  wear,  which  gave  France  a  lead  in  the  manufactm^ 
of  such  goods  which  she  has  since  retained.  England  could  not  obtain 
this  wool,  and  did  not  attempt  the  manufacture  of  this  class  of  goods 
until  it  was  found  that  similar  qualities  could  be  obtaioed  from  Aus- 
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traiia.     The   Fi'cnch    had  already   made   much   progre^H,   of   which 
Benoville  wrote  concerning  the  combing  wools  of  France: 

It  18  to  the  admirable  revolution  in  the  raiHiug  of  ovine  auimalH  that  we  owe  the 
beautiful  indnstiy  of  spinning  the  merino  combing  wools.  It  \h  to  this  that  we  owe 
the  splendor  of  the  industries  of  weaving  combing  wool  at  Paris,  at  Hheims,  at 
Amiens,  and  at  St  Quentin. 

Great  Britain  had  a  sucoesaful  combing  industry  of  her  own.  She 
had  no  Merino  sheep.  Combing  wool  was  advancing  in  price;  in  1855 
it  «old  in  London  for  Is.  IH- ;  in  1864  for  28.  4d.  Our  own  worsted 
manufacture  had  been  initiated  and  was  successful,  but  it  consumed 
only  6,000,000  pounds  of  wool.  The  wools  weixi  grown  in  Kentucky, 
in  Ohio  t6  a  small'  extent,  and  elsewhere.  No  wonder  that  the  dis- 
semination of  mutton  sheep  was  urged  for  the  increase  of  our  resources 
for  manufacture  and  for  the  meat  supply  of  cities.  Theit)  was  an 
existing  tendency  to  increase  the  distribution  of  English  sheep  and  the 
production  of  combing  wool  by  our  breeding  with  Merino  grades. 

In  1868  Mr.  E.  R.  Mudge,  United  States  wool  commissioner,  advised 
the  "ingrafting  of  the  French  race  on  the  American  Merino"  as  a 
means  of  supplying  a  manufacture  which  was  one  of  the  most  impor- 
tant in  Fi'ance  and  one  that  was  a  source  of  much  of  the  exportation 
to  this  country.  Specimens  of  these  Rambouillet  Merinos  were 
introduced  from  time  to  time.  They  did  not  at  first  strike  the  fancy 
of  breeders  of  American  Merinos,  and  they  did  not  at  once  gain 
favor,  but  afterwards  they  won  their  way  and  now  have  a  register  and 
are  widely  scattered  throughout  the  country. 

It  is  not  strange  that  the  promoters  of  the  great  American  Merino 
improvement  should  stand  aloof  from  a  movement  that,  as  they 
thought,  would  degrade  the  finest  wool  sheep  in  the  world  to  a  mut- 
ton sheep.     Yet,  feeling  the  necessity  for  combing  wool,  and  finding 
considerable  difference  in  length  of  fiber  in  pure-bred  Merinos,  a  few 
farseeing  breeders  began  to  work  for  longer  fiber  and  a  larger  car- 
cass, in  the  direction  of  mutton  and  combing  wool  from  the  distinct- 
ively wool-producing  Merino.     And  this  was  the  starting  point  from 
which  has  been  produced,  on  lines  apparently  pai'allel  but  with  dis- 
tinct and  certain  divergencies,  the  subbreeds,  the  Dickenson  Delaine, 
Standard  Delaine,  Improved  Delaine,  National  Delaine,  Black  Top 
Spanish,  and  Improved  Black  Top  Merino,  all  with  record  books,  all 
pure-bred  Merinos,  very  widely  disseminated  and  now  among  the  most 
popular  breeds  in  the  United  States. 

Thus  has  our  supply  of  combing  wools  been  augmented  in  part 
^m  this  modification  of  the  American  Merino,  yielding  a  soft  and 
liwtrous  fiber,  3i  to  5  inches  in  length,  suitable  for  tissues  which  the 
coarse  combing  wools  could  not  produce.  This  progress  has  been  con- 
tinuous and  persistent  during  the  past  thirty  3'ears,  and  in  results  it 
"^  been  the  most  beneficial  of  the  breeding  tendencies  which  have 
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marked  the  history  of  woolgrowing.  This  course  of  breeding  has 
given  a  supply  for  manufacturing  competition  with  France,  in  goods 
I'cquiring  much  skilled  labor  in  proportion  to  weight  of  luaterial^ 
which  no  dissemination  of  English  breeds  could  accomplish,  and  dem- 
onstrati\M  the  wisdom  of  the  patient  breeders  who  have  worked  a  life- 
time to  accomplish  this  result. 

The  other  line  of  development  of  combing  wools,  by  inci^ease  of 
pure  and  crossbred  English  sheep,  has  run  pai*allel  with  the  delaine 
improvement  of  the  Merino.  It  has  been  steadily  progressive,  con- 
stantly increasing  the  supply  of  coai-se  combing  wools,  making  the 
worsted  industry  nearly  independent  of  foreign  wools  of  class  two  of 
the  customs  schedule.  It  has  also  enlarged  the  supply  of  material  for 
flannels  and  certain  kinds  of  cloths  from  the  Down  breeds. 

In  the  States  east  of  the  Mississippi  the  mutton  breeds  have  gradu- 
ally gained  a  predominance.  The  southern  sheep  are  always  mainly 
of  this  class.  As  population  increased  in  the  Ohio  Valley  meat  be^jame 
moi-e  important  than  wool,  and  all  the  mutton  breeds  were  dissemi- 
nated, taking  the  place  of  Merinos,  and  though  fewer  in  number  the 
average  value  of  sheep  in  this  district  has  been  nearly  doubled  in  the 
last  thirty  years  from  advance  in  size  and  quality. 

The  Southdown,  Cotswold,  and  Leicester  were  the  first  to  invade 
this  region,  followed  by  the  newer  Down  breeds.  The  prolific  chai"- 
acter  of  the  Dorsets  later  claimed  attention  from  producers  of  lambs, 
and  twelve  years  ago  they  were  introduced,  and  have  been  distributed 
in  27  States,  9,0()0  being  registered  in  ,the  Dorset  Sheep  Breeders' 
Association  of  America.  The  wool  of  the  Dorset  is  valuable,  strong, 
white,  and  nicely  crimped.  Its  scoured  fleece  is  heavy,  the  loss  in 
scouring  being  light.  The  gi-ade  Dorset  is  prolific  and  profitable  in 
lamb  production. 

The  largest  and  one  of  the  oldest  English  breeds  was  introduced 
very  sparingly  until  the  other  mutton  breeds  had  been  widely  distrib- 
uted, but  in  recent  years  it  has  becx)me  so  numerous  that  a  Lincoln 
Association  has  been  formed  to  represent  it  and  preserve  its  purity. 
The  original  Lincoln,  like  the  other  long  wools,  was  improve<l  by 
Leicester  crossing,  diminished  in  isize,  improved  in  form,  relieved  of 
coarseness,  and  increased  in  aptitude  for  flesh  taking,  with  finer  wool 
of  the  lustrous  class  especially  adapted  for  use  in  a  valuable  and  desira- 
ble class  of  worsteds.  This  sheep,  so  long  popular  for  wool  as  well  as 
mutton  in  New  Zealand  and  other  Australian  colonies,  and  later  in 
Argentina,  has  for  similar  reasons  been  found  desirable  here,  not  only 
in  the  farm  districts  but  on  the  ranges.  This  breed  is  largely  the  basis 
of  the  frozen-mutton  ti-ade  which,  in  1897,  amounted  to  144,657,184 
pounds  from  New  Zealand,  and  209,172,339  pounds  from  Australasia 
altogether.     The  Argentina  frozen-mutton  trade  is  also  very  large. 

A  note  from  Mr.  H.  A.  Daniels,  Elva,  Mich.,  secretary  of  the 
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Lincoln  Asi^ociation,  states  ^Hhat  Michigan  contains  0101*0  Lincolns 
than  any  other  State— from  4,000  to  5,000."  They  are  scattered 
through  New  York,  Ohio,  Virginia,  Missouri,  and  the  Rocky  Moun- 
tain area.  Mr.  Daniels  reports  large  numbers  of  cross-breds  on  the 
range,  ^^as  the  Lincoln  has  proved  the  best  for  crossing  on  i*ange  ewes 
of  Merino  descent  of  any  breed,  the  same  as  they  have  been  in  Argen- 
tina." He  refers  to  the  large  flock  of  registered  Lincolns  from  Eng- 
land eiitablished  last  year  by  Colonel  Massey,  of  Fort  Logan,  Colo. ; 
to  one  of  several  hundred  purchased  in  Michigan  and  Ontario  by 
Forbes  Brothers  of  Boston,  and  other  large  pure-bred  flocks,  as  show- 
ing the  pi'esent  popularity  and  rapid  dissemination  of  this  valuable 
breed. 

As  a  result  of  these  continuous  tendencies  toward  combing  wools, 
both  fine  and  coai'se.  Merino  and  English,  worsted  wools  now  largely 
predominate  in  the  domestic  wool  supply.  The  Merino  and  English 
types  of  sheep  are  nearly  divided  as  to  numbers,  the  former  predomi- 
nating ill  the  i-ange  country,  the  latter  in  farming  States. 

At  the  pi-esent  time  the  tendency  of  breeding  is  toward  increase  of 
Merinas.     The  relative  scarcity  of  wools  of  class  one  has  been  appar- 
ent for  a  year  or  two  throughout  the  world,  and  in  the  immediate 
future  there  will  doubtless  be  an  increase  of  this  breed.     This  tendency 
is  manifest  in  this  country  in  all  wool-growing  districts,  even  in  the 
Ohio  Valley,  where  mutton  sheep  predominate  and  meat  is  a  prime 
consideration.     A  letter  from  Professor  Plumb,  director  of  the  exper- 
iment station  connected  with  I^due  University,   Lafayette,   Ind., 
states  that  the  tendency  of  breeding  there  is  toward  the  Merino,  though 
the  Rambouillet  has  preference  over  the  American  Merino,  not  losing 
sight  of  the  value  of  the  carcass  while  aiming  to  increase  the  quantity 
of  fine  wool. 

The  French  type  will  continue  in  popularity,  and  the  Delaine  breeds 
will  be  disseminated  more  generally  than  at  present;  and,  while  cloth- 
ing wool  may  increase,  it  is  evident  that  the  value  of  the  mutton,  in 
connection  with  wool,  is  not  likely  to  be  lost  sight  of,  even  in  the 
breeding  of  the  Merino.  In  breeding  for  fine  clothing  wools,  plump- 
neas  and  symmetry  will  be  pi'eferred,  rather  than  wrinkles  and  grease, 
and  smoothness  of  outline  and  thrift  of  growth  will  be  desirable 
characteristics. 

Our  climate  is  favorable  to  the  highest  ovine  development.  For- 
eign breeds  have  been  easily  acclimated  and  manifestly  improved.  It 
is  certain  that  the  American  sheep  has  no  superior  in  any  woolgrow- 
ing  country,  in  constitutional  vigor  and  strength  of  wool  fiber.  No 
other  wools  make  more  durable  and  intrinsically  valuable  clothing. 
American  wool  consumption  should  be  mainly  of  American  produc- 
tion. Manufacturers  know  that  their  prosperity  depends  upon  a  full 
domestic  wool  supply,  and  will  cooperate  with  the  growers  in  encour- 
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aging  the  proauction  of  wool  to  meet  all  ordinary  i-equirementtj  of 
clothing,  both  cloths  and  worsteds. 

INCKEASE   OF  MUTTON   SHEEP. 

In  the  colonial  period  the  sheep  wei-e  all  of  the  coarse-wool   type, 
brought  with  the  settlei-s  from  the  countries  of  their  nativity.     TOiey 
were  the  unimproved  original  stock,  the  progenitors  of  the  preseot 
improved  English  breeds.     Later  Washington  and  other  fathers  of 
the  Republic  brought  in  individuals  I'epresenting  the  early  breeding 
improvement  in  Europe.     No  Merinos  came  in  until  after  the  organi- 
zation of  the  National  Government.     The  Merino  importation  in  the 
present  century  and  the  establishment  of  the  American  Merino  breed 
in  a  half  century  of  breeding  to  build  up  an  American  wool  indii.stry 
so  popularized  that  bi-eed  as  to  give  it  a  largely  predominating  influ- 
ence forty  years  ago.     Thirty  years  ago  more  than  four-fifths  of  all 
the  sheep  in  the  country  were  either  pure-bred  or  gi-ade  Merinos. 
There  were  a  few  Downs  and  specimen  flocks  of  various  long-wool 
breeds,  small  in  number,  in  the  Middle  States  and  in  the  Ohio  Valley 
and  scattered  sheep  of  the  old  coarse- wools  in  the  South.     Kentucky 
had  the  largest  number  of  the  long- wools.     There  was  some  importa- 
tion from  England  and  more  from  Canada.     In  Texas  and  New  Mex- 
ico there  were  some  Mexican  sheep  of  Spanish  origin,  degenerated 
and  almost  reverted  to  a  wild  state.     Their  fleeces,  coarse  and  hairy, 
weighed  only  a  pound  or  two.     Possibly  all  these  together  were  not 
more  than  15  per  cent  of  the  whole.     There  is  no  exact  census  of  the 
coarse-wooled  sheep  of  that  period,  those  having  no  Spanish  Merino 
blood,  yet  the  almost  universal  predominance  of  that  type  and  the 
character  of  the  wool  appearing  in  the  markets  of  those  days  will 
amply  sustain  this  view  as  conservative  and  sufficiently  accurate. 

For  at  least  thirty  years  there  has  been  a  tendency — ^strengthening 
as  the  years  roll  on  and  helped  by  the  steady  and  rapid  increase  of 
population  demanding  meat — toward  increase  of  coarse-wool  sheep, 
enlargement  of  mutton  production.  Even  earlier  a  greater  need  of 
worsted  wools  was  felt,  and  the  initiative  was  taken  toward  their 
supply.  This  ti-ansformation  of  flocks  would  have  been  more  rapid 
but  for  the  discovery  that  Merino  wools  of  long  fiber  could  be  combed, 
which  stinmlated  the  adaptation  of  special  machinery  by  manufacturers 
and  the  gi*adual  lengthening  of  Merino  fiber  by  breeding  on  the  part 
of  the  growers.  The  writer  of  this  as  early  as  1862  urged  that  the 
American  farmers  should  seek  a  profit  in  mutton  and  wool  mther 
than  in  wool  alone;  that  the  great  want  of  the  world  was  ^'a  strong, 
serviceable,  long-fibered  combing  wool,  and  a  great  deal  of  it.''  In 
1866  an  estimate  submitted  to  the  revenue  commission  made  the  value 
of  the  annual  pi*oduct  of  worsteds,  exclusive  of  delaines,  $10,000,000. 

In  1867  Mr.  ]Vf  udge,  commissioner  of  wools  and  woolens  at  the  Paris 
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exhibition,  said  to  the  woolgrowers  of  thin  country  ^''that  there  is  a 
field  more  vaat  than  their  imagination  can  take  in  in  the  expansion  of 
ihe  worsted  indu^trv/^  Under  such  inducements  the  flocks  of  mutton 
sheep  increased  in  all  parts  of  the  country,  though  Merino  improve- 
ment was  still  the  predominant  feature  in  sheep  husbandry  in  Vermont, 
New  York,  Pennsylvania,  Ohio,  Michigan,  and  elsewhere,  and  the 
great  flocks  of  the  Territories  became  Merino  grades  of  a  high  order 
of  improvement.  But  the  great  breeding  flocks  were  improved  largely 
in  the  direction  of  Delaines,  producing  a  fine  combing  wool  of  gradu- 
ally increasing  length  of  fiber. 

During  the  past  ten  years  the  increase  of  mutton  breeds  has  been 
more  rapid  than  ever.  They  predominate  in  all  the  older  States  east 
of  the  Rocky  Mountains.  In  the  mountain  States  many  have  been 
introduced  in  recent  years,  sires  of  English  breeds  being  procured  to 
produce  cross-bred  mutton  in  place  of  wool  alone.  In  this  way  the 
breeders  hoped  to  turn  their  flocks  into  mutton  sheep  and  obtain  a 
profit  they  could  not  get  from  wool.  It  seemed  feasible,  but  so  many 
were  thrown  upon  the  markets  as  meat  that  prices  fell  and  discourage- 
ment continued.  In  the  central  West  numbers  of  sheep  have  been 
greatly  reduced,  yet  they  are  nearly  all  of  the  mutton  tyi)e. 

Mr.  Avery,  of  Mauger  &  Avery,  Boston,  than  whom  no  dealer  in 
wool  has  better  facilities  for  knowing  the  character  of  American 
flocks,  writes  that  at  least  70  per  cent  are  medium  cross-bred  wools, 
and  possibly  80,  and  the  remainder  Merino  or  its  grades.  He  esti- 
mates the  wool  of  the  ranges  as  30  per  cent  medium  crossbred  and  70 
per  cent  Merino.  Other  dealers,  in  Boston  and  Philadelphia,  furnish 
information  showing  the  great  predominance  of  coarse  wools  east  of 
the  Mississippi. 

Messrs.  Hecht,  Liebmann  &  Co.  of  Boston,  who  deal  very  exten- 
sively in  '^  Territory "  wools,  state  that  most  of  their  wool  is  Merino, 
much  of  it  pure  or  nearly  so;  in  rarer  cases  it  is  crossed  once,  some- 
times twice,  with  Lincolns,  Shropshire,  or  other  coarse-fibered  English 
stock.    They  say: 

l^e  wools  we  receive  from  eastern  Oregon,  California,  Nevada,  western  Idaho, 
Boothem  Utah,  and  Texas  seem  to  be  as  purely  Merino  as  it  is  possible  to  grow  them, 
without  producing  unmarketable  mutton.  On  the  other  hand,  wools  received  from 
certain  parts  of  Oregon,  southeastern  Idaho,  northern  Utah,  and  western  and  northern 
Wyoming  are  distinctly  crossbred,  and  show,  from  year  to  year,  a  gain  in  English 
^^cod.  We  do  not  receive  any  wool  that  is  wholly  of  English  blood,  except  an 
^WCMional  ram  fleece. 

It  appears  probable,  from  information  derived  from  many  sources, 
that  about  half  of  the  sheep  of  the  country  are  now  of  English  breeds 
or  grades  in  which  that  blood  predominates. 

Those  who  have  watched  the  great  Western  markets  have  seen  abun- 
^t  evidence  of  higher  appreciation  of  mutton  than  formerly,  in 
Active  markets  and  higher  prices.    During  the  present  season  the 
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average  price  of  mutton  in  the  Chicago  market  has  ranged  higher 
than  that  of  beef,  and  at  times  the  quotations  for  prime  native  wethers 
have  been  higher  than  for  extra  prime  steers. 

A  noticeable  feature  of  the  mutton  trade  has  been  the  demand  for 
Colorado  lambs.  It  was  discovered  that  the  Mexican  lambs  improved 
by  crossbreeding,  and  fed  a  few  months  in  winter  with  com  and 
alfalfa  made  meat  of  high  quality,  which  has  become  so  popular  thai 
it  is  sought  as  a  delicacy  by  managers  of  hotels  of  the  seaboard  cities 
from  Boston  and  New  York  to  Florida.  These  lambs  sell  in  Chicago 
for  $7.60  to  $7.76  per  100  pounds.  The  business  of  feeding  has  been 
very  profitable,  and  much  money  has  been  made  in  it.  Some  feeders 
have  had  thousands  in  their  yards  at  a  time,  and  some  young  men  with 
small  means  and  a  little  credit  with  local  banks  have  made  handsome 
profits.  Clay,  Robinson  &  Co.  of  Chicago  estimate  the  annual  out- 
put of  these  lambs  fed  in  Colorado  at  860,000,  with  as  many  more 
under  similar  feeding  at  other  points.  At  $6  per  head,  this  would 
make  a  total  of  $4,200,(X)0  for  this  peculiar  development  of  mutton 
production.  The  preferable  live  weight  of  these  lambs  is  about  80 
pounds,  which  is  not  far  from  the  average. 

The  mutton  breeds  are  very  prolific,  and  the  number  of  lambs  with 
proper  care  is  100  per  cent  of  the  number  of  ewes.  Always  a  large 
proportion  of  the  lamb  crop  of  the  farming  districts  and  not  a  few  in 
ranch  districts  arc  every  season  consumed  locally  as  spring  lambs,  or 
appear  in  markets  through  the  year,  being  usually  known  as  lamb  until 
a  vear  old. 

An  indication  of  the  rapid  increase  and  large  volume  of  marketing 
of  sheep  is  found  in  the  records  of  receipts  of  four  principal  Western 
markets,  at  diflferent  periods,  as  follows: 

Number  of  mvUlon  slieep  received  al  principal  Western  markets  at  different  periods. 


Chicago 

Kansas  City. 

Omaha 

St.  Louis 


1870. 


840,863 


94,477 


1880. 


335,810 
60,611 


ao6,wo 


1890. 


1899. 


2,182,667 
685,869 
166,186 
858,496 


3,682,8S2 

96a,  2a 

1,006.319 
482,566 


Here  is  an  increase  in  thirty  years  from  less  than  500,000  to  more 
than  6,000,000,  and  over  5,000,000  were  slaughtered  in  these  four 
cities.  Other  cities  in  the  West  slaughter  considerable  numbers,  the 
great  seaboard  cities  kill  large  numbers,  besides  consuming  refriger- 
ated carcasses  from  the  West,  and  every  town  and  village  in  the  coun- 
trv  has  a  market  for  live  sheep  and  lambs.  On  nearly  a  million  farms 
and  ranches  where  sheep  are  grown,  mutton  is  a  prominent  resource 
for  meat  consumption. 

A  similar  change  in  distribution  of  mutton  sheep  has  been  observed 
in  all  wool-growing  countries.     A  strong  inducement  has  been  found 
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in  the  demand  for  mutton  in  Great  Britain,  which  has  given  rise  to 
the  frozen  meat  trade  of  New  Zealand  and  Argentina.  Heavy  impor- 
tations of  English  mutton  sheep  have  been  in  progress  in  those  coun- 
tries for  years,  until  nearly  half  their  flocks  are  crossbred.  Messrs. 
Hehnuth,  Swartze  &  Co.,  of  London,  in  reporting  the  relative  propor- 
tion of  crossbred  and  merino  wools,  show  an  increase  of  the  former 
from  17.7  per  cent  in  1888  to  44.6  per  cent  in  1898  in  the  colonial  and 
Plata  River  wools,  as  given  in  the  following  statement  in  millions  of 
pounds  of  clean  wool: 


ReJf^ive  inrrrane  and  decretue  of  crosthrtd  ami  Merino  ^ooot. 


Year. 


IMS. 
TSBL 

vm 


Crossbred. 

Merino. 

Millions 

of 
pounds. 

Percent 

Millions 

of 
pounds. 

Per  cent. 

82.3 
80.4 
60. 4 
55.4 

70 

98 

282 

248 

17.7 
19.6 
89.6 
44.6 

325 
402 
854 
808 

Totol 
millions 

of 
pounds. 


395 

500 
586 
556 


The  result  of  so  i*adical  a  change  throughout  the  world  has  caused 
the  relative  appreciation  of  merino  wool.  There  is  in  all  markets  a 
comparative  scarcity  of  fine  wool,  and  a  demand  for  inci*ease  to  which 
breeders  ai"e  now  responding. 

Under  present  conditions,  however,  the  production  of  mutton  in  this 
country  will  continue  to  be  profitable,  and  should  be,  in  some  of  its 
branches,  one  of  the  important  rural  industries  of  our  oldest  and  most 
populous  States. 

The  present  distribution  of  mutton  sheep  is  more  general  than  ever 
before.  They  have  invaded  the  pastures  so  long  sacred  to  the  devel- 
opment of  the  American  Merino  in  Vermont,  and  the  strongholds  of 
Merino  breeding  in  New  York,  Ohio,  and  Michigan.  They  have 
nearly  driven  out  the  fine-wool  competition  in  Indiana  and  Illinois, 
and  taken  possession  of  sheep  pasturage  on  the  meat-producing 
prairies  of  the  Missouri  Valley.  This  movement  has  long  been  in 
progress.  In  the  recent  period  of  depression,  when  growers  would 
&in  have  ceased  to  think  of  sheep  as  a  wool-bearing  animal,  the  mut- 
ton sheep  hastened  its  migration  t<J  the  ranges  of  the  Rocky  Moun- 
Wds,  and  essayed  the  muttonizing  of  Merino  flocks  l)}^  cross-breeding. 
So  active  and  persistent  was  this  effort  to  get  some  profit  from  meat, 
where  wool  failed  to  pay  the  cost  of  shearing  and  growing,  that  in  the 
entire  range  country  30  per  cent  of  flocks  were  of  mutton  breeds, 
according  to  the  estimate  of  Mauger  &  Avery,  wool  dealers  of  Boston, 
who  are  familiar  with  the  stocks  of  the  greatest  wool  markets  in  the 
country.  The  same  authority  thinks  that  in  the  farming  States 
^0  and  perhaps  80  per  cent  of  the  wool  is  from  sheep  in  which  the 
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blood  of  the  English  breedis  pi^edominates.  This  would  indicate  a 
nearly  equal  division  of  the  Merino  and  English  I'aees  in  the  United 
States. 

THE   DOMESnC  WOOL   SUPPLY. 

The  use  of  wool  is  coincident  with  the  use  of  clothing.  The  first 
white  settlers  of  this  country  brought  with  them  the  domestic  loom 
and  spinning  wheel.  For  moi-e  than  a  century  and  a  half,  household 
manufacture  held  universal  sway.  The  fulling  mill  supplemented  its 
operations  and  suggested  the  factory  to  come.  This  was  the  condition 
when  the  United  States  Governnaent  went  into  operation  and  for  some 
time  thereafter. 
v^  "  The  consumption  of  wool  in  this  country  has  always  been  i-elatively 
large.  Prior  to  the  beginning  of  the  factory  era,  however,  consump- 
tion averaged  not  more  than  3  pounds  per  capita  of  population.  Fifty 
years  ago  the  I'equirement  had  risen  to  4  pounds.  An  wealth  increased 
and  styles  of  fabrics  multiplied,  the  uses  of  wool  enlarged,  until,  at 
the  present  time,  with  velvet  tapestries  for  the  home  and  luxuries  in 
worsted  for  its  presiding  genius,  the  requirement  per  head  has  risen 
to  about  8  pounds.  No  other  people  use  so  much  wool,  as  also  none 
use  so  much  cotton.  The  wool  of  the  world  will  scarcelv  suffice  for 
2  pounds  annually  for  each  of  its  inhabitants.  Our  i*ate  of  consump- 
tion has  doubled  in  half  a  century,  but  it  has  not  inci'eased  in  the  last 
ten  years  and  may  not  increase  in  the  future. 

About  two-thirds  of  our  present  mill  consumption  is  supplied  from 
domestic  sheep,  and  a  larger  proportion  very  soon  will  be,  as  numbers 
olsheep  are  rapidly  increasing.  Including  imported  manufac*tures, 
the  domestic  supply  is  now  fully  half  the  entire  consumption  of  wool 
products  and  promises  soon  to  be  two-thirds.  Between  1880  and  1890 
the  proportion  of  domestic  wool  was  larger,  being  nearly  six-tenths  of 
all  needed.  In  value  the  proportion  was  still  larger,  the  imported 
wools  for  manufacture  being  mostly  of  a  much  lower  quality,  largely 
used  for  blankets  and  carpets.  There  should  be  no  difficulty  in  so 
enlarging  the  domestic  supply  a^  to  meet  the  requirements  of  consump- 
tion of  nearly  all  the  cloths,  worsteds,  knit  goods,  and  at  least  the 
better  class  of  cai'pets.  The  only  practical  limitation  of  a  full  supply 
of  everything  is  from  economic  causes. 

We  have  already  nearlj'-  all  the  improved  breeds  of  the  world,  and  a 
great  variety  of  the  climates  and  grasses  of  the  world.  If  we  do  not 
produce  much  of  the  finest  Saxony  wool  it  is  because  heavier  fleeces 
are  more  profitable.  Wool  of  this  class  has  compared  favorably  with 
the  finest  ever  produced  in  Saxony,  and  flocks  of  this  class  are  still  in 
existence,  some  of  the  finest  being  in  Washijigton  County,  Pa.  Our 
Mexican  sheep  yield  a  typical  carpet  wool,  but  crossed  with  the 
Merino  a  heavier  fleece  of  more  valuable  wool  is  f^nxiuced,  and  grow- 
ers find  profit  in  the  improvement.     When  we  produce  500,OO0,(X)D 
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pounds  or  more  of  domestic  wool,  some  of  the  coarsest  fleeces  and  the 
least  valuable  pieces  of  soited  fleeces  can  supply  the  material  for  the 
better  class  of  carpets,  and  the  coarsest  of  the  wools  of  lower  (civilization 
and  unimproved  agriculture  may  be  received,  under  proper  safeguards, 
to  supplement  the  wants  of  the  carpet  industr}^ 

For  strength  and  durability  American  wools  are  unsurpassed,  and 
make  more  durable  clothing  than  the  average  product  of  any  other 
nation.  In  this  respect  they  are  superior  to  Australian  wools,  which 
suffer  loss  of  strength  from  the  effects  of  a  hot  and  dry  climate.  The 
flocks  of  those  colonies  have  been  recruited  from  American  Merinos 
largely,  and  of  late  many  are  crossed  with  English  Lincx)lns  and  other 
breeds  to  meet  the  demands  of  fashion  for  lustrous  wools.  This  in  part, 
but  mainly  the  light  shrinkage,  owing  to  the  smaller  quantity  of  grease 
to  be  eliminated,  makes  the  higher  prices  of  Austral  ian  wool  jis  compared 
with  heavy-shrinking  merino  wool.  The  method  of  marketing,  sorting 
by  the  skirting  pix)cess,  has  also  added  much  to  prices  of  these  wools 
for  ten  years  past. 

American  sheep  have  long  been  appreciated  abroad.  As  early  as 
1851,  at  the  London  World's  Exhibition,  four  prize  medals  wei'c  given 
to  American  sheep,  and  at  the  Hamburg  International  Exhibition  of 
1863,  in  competition  ¥rith  representatives  of  the  finest  flocks  of  Europe, 
two  first-class  premiums  were  awarded  to  Merinos  from  Vermont. 
Ever  since  then  our  American  Merinos  have  been  drafted  into  the 
service  of  countries  in  wool-growing  development,  notably  in  the 
Australian  colonies  and  in  South  America. 

The  enumeration  of  sheep  was  not  made  by  the  census  until  1840, 
when  the  number  reported  was  19,311,000.  For  twenty  years  there 
was  little  increase.  In  1850  the  number  given  was  21,778,000,  and 
only  22,471,276  in  1860.  Prior  to  1840  no  very  accurate  estimates 
are  available.  There  had  been  a  great  boom  in  sheep  in  the  early 
years  of  the  century,  when  Spanish  Merinos  began  to  be  imported. 
Independence  of  foreign  wool  became  an  intense  and  pervading  feeling 
in  the  years  preceding  the  war  with  England,  and  a  deterrainod  effort 
for  a  full  domestic  supply  was  made.  An  estimate  for  1810  places  the 
number  of  sheep  at  10,000,000,  and  the  value  of  manufactures — domes- 
tic manufactures,  as  only  a  few  small  factories  were  then  in  existence — 
was  estimated  at  $25,000,000.  If  correct,  it  must  be  that  prices  of 
goods  were  very  high.  After  the  war  of  1812  the  sheep  industry  was 
nearly  wiped  out  as  the  result  of  a  deluge  of  cheap  woolen  goods,  and 
it  was  several  years  befoi'e  the  numbers  of  1810  were  again  attained. 

Between  1860  and  1870  a  very  rapid  advance  was  made,  from  about 
22,000,000  to  possibly  42,000,000,  followed  by  a  decline  in  the  later 
years  of  the  decade  to  31,000,000.  Annual  estimates  were  made  by 
the  Department  of  Agricultui*e,  not  including  the  mountain  areas  till 
nearly  the  close  of  the  decade,  when  statistical  service  was  organized 
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ill  tbe  great  ranch  di^itricts.  The  fibres  were  therefore  not  compM 
in  those  years.  After  this  disturbed  and  fluctuating  record  the  eata 
mateif  became  more  reliable  and  the  development  more  uaiforzn.  Hi 
following  table  presents  this  record,  with  estimateti  of  woo]  produced 
from  1871  to  the  present  time: 
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averages  indicate  an  increase  that  in  well  understood  by  woolg^wers. 
Expert  investigation  showu  aoniewhat  lai^r  averages,  which  have 
quite  regalarly  increased  until  the  present  average  comes  within  a 
ana]l  fraction  of  6  pounds  per  fleece.  It  should  be  understood  that 
the  fleeces  shorn  from  the  sheep  on  the  farm  do  not  constitute  the  full 
domestic  wool  supply.  The  millions  of  sheep  and  lambs  sUughtered 
•re  either  shorn  before  slaughtering  or  the  pelts  afterwards  furnish  a 
considerable  quantity  of  pulled  wool,  so  that  the  entire  year's  supply 
of  wool  is  taken  f  ix>m  a  much  larger  number  of  sheep  than  any  census 
or  asseiMors'  enumeration  gives. 

Tte  distribution  of  sheep  at  the  present  time  i-"  indicated  by  the 
iollowing  e^timatPH  of  numbers  and  averse  values  in  .lanuary,  liHK): 

.Vuni/<er(  and  tvi/«f«  of  ihef]}.  Jiinnari/  J,  1900,  by  fH'it'-i  nn-l  Tm^iloriai. 
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A  great  change  has  ot-cun-ed  in  the  distribution  of  sheep  in  thirty 
ypars.     In  1S70  the  Tnounttiin  ninge  country  was  just  emerging  from 
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the  control  of  the  Indiann,  and,  with  the  Pacific  coast  and  Texas,  con- 
tributed only  22  per  cent  to  the  Department  estimates  of  1871;  now 
tlie  above  table  gives  to  this  Western  rai^  section  about  66  per  cent 
of  all,  or  more  than  27,000,000  sheep.  Then  Texas  waa  bej^inning  to 
make  prepress  in  sheep  husbandry,  which  whs  so  rapid  that  in  1884 
the  record  made  an  aggregate  of  nearly  8,000,000,  the  highest  ever 
made  by  that  or  any  sister  State.  That  of  last  January  was  2,416,731, 
a  figure  exceeded  by  New  Mexico,  Montana,  Wyoming,  Idaho,  aiid 
Oregon. 

These  facts  indicate  the  relative  decline  of  sheep  husbandry  in  tfae 
farming  States.  The  free  pastun^  of  the  great  range  country 
handicapped  the  industry  on  farm  lands,  especially  the  woolirmwii!^' 
branch.  Junt  as  wheat  growing  gradually  receded  westward,  and 
cattle  raising  declined,  first  east  of  the  Alleghenies  and  aft'  rwanl:^ 
appreciably  in  the  Ohio  Valley,  woolgrowing  almost  diMappcared 
from  the  farm.s,  while  mutton  production  lingered  in  the  blue-grass 
section  and  other  regions  of  fat  pasturage,  and  the  raising  of  early 
laml>s  retained  a  footing  among  farmers  skilled  in  this  branch  of  meat 
making.  A  few  of  the  skilled  and  experienced  breeders  of  Vennunt, 
New  York,  Pennsylvania,  and  Ohio  continued  the  development  of 
pure-bred  Merinos  for  the  improvement  of  the  flocks  of  the  range 
country,  and  those  of  South  America  and  Australia.  With  iii,i-..aiing 
demand  for  mutton,  the  flocks  of  the  farming  States  were  graduallv 
modified  by  a  larger  infusion  of  the  blood  of  the  English  brrpd*. 
Thus  the  balance  of  distribution  was  disturbed,  notwithstanding  some 
advantages  in  high  breeding  and  nearness  to  mutton  markets. 

The  Centi-al  West  was  long  a  stronghold  of  woolgrowing.  It  gave 
way  to  powerful  far  Western  competition  slowly,  holding  its  poaition 
tenaciously,  and  yielding  only  as  other  industries  and  interests 
demanded  I'ct^ognition  and  commanded  better  profit  The  following 
statement  compares  the  present  with  the  distribution  of  1S71: 

NumlKr  'iiiil  mine  of  theep  in  l.'mtnd  WfBl  in  ISIi  and  1900  romparrd. 
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In  1871  the  estimated  number  of  sheep  in  the  country  was  31,851,000; 
in  1900,  41,883,065.     The  proixn-tions  of  these  States  at  the  two  datftt 


8h:eep  and  wool.  27 

are  respectively  52.  &  and  20.2  per  cent.  And  the  numbers  in  the:^ 
States  were  by  no  means  highest  in  1871.  Ohio  had  7,000,000  a  few 
years  earlier.  Although  thei-e  are  little  more  than  half  the  number  now 
that  was  reported  in  1871,  it  is  noticeable  that  the  total  value  is  greater 
now  than  then.  This  is  only  in  part  because  of  increase  in  average 
value  of  sheep  in  the  whole  eountiy  from  $2.32  in  1871  to  $2.93  in 
1900-  The  increased  average  value  of  the  sheep  in  the  central  West  is 
largely  due  to  increase  in  the  number  of  heavy  mutton  sheep  and  the 
value  of  pure-bred  heavy  Delaine  Merinos.  The  decrease  in  numbers 
has  only  one  exception — Minnesota,  which  in  1871  had  veiy  few  fann 
animals  of  any  kind.  There  is  no  reason  why  the  flocks  of  this  sec- 
tion should  not  be  increased,  not  for  wool  alone,  but  for  mutton  and 
wool,  and  the  tendency  is  now  strongly  in  that  direction. 

There  is  no  doubt  of  the  ability  of  our  woolgrowers  to  produce  a 
full  supply  of  clothing  and  worsted  wools.     Of  this  the  manufacturoi-s 
have  long  been  satisfied.     Thirty  years  ago  a  president  of  the  Wool 
Manufacturers^  Association  expressed  his  opinion  that  "the  consump- 
tion of  American  wool,  now  about  125,0(X),000  pounds,  will  in  six  yeai's 
aggregate  more  than  300,000,000  annually."    It  was  not  accomplished 
in  six  years,  but  in  1884  the  supply  reached  that  figure.     This  desire 
for  a  full  domestic  supply  on  the  part  of  wise  and  far-seeing  manu- 
facturers was  founded  on  the  superior  qualities  of  American  wool,  and 
also  on  the  necessity  of  independence  of  foreign  wool  markets.     For- 
eign manufacturers  are  compelled  to  depend  on  impoited  wools  mainly, 
to  scramble  for  supplies  in  all  the  woolgrowing  countries  of  the  world. 
Our  manufacturers  realize  the  advantage  of  nonparticipation  in  this 
competitive  quest  on  antipodal  continents  and  the  islands  of  distant 
seas  for  wools,  none  of  which  are  bettor  than  our  own,  and  most  of 
which  are  weaker  in  fiber  and  of  less  dui'ability.     Thirty-four  3'^oai's 
«igo,  at  the  very  beginning  of  the  era  of  improvement  by  breeding 
and  better  care,  a  conimittee  of  the  National   Association  of  Wool 
Manufacturers,  consisting  of  the  most  experienced   and  successful 
manufacturers  of  the  United  States,  said  in  a  report:  * 

In  a  clasB  of  fabrics  entering  more  largely,  perhapfl,  than  any  others  into  general 
ooDflumption,  that  of  flannels,  their  superiority,  due  principally  to  the  adaptation  of 
the  common  wools  of  this  countrj%  their  strength  and  admirable  qualities,  is  so 
niarked  as  almost  to  exclude  the  foreign  flannels.  American  fancy  cassimeres  com- 
pare favorably  in  finish,  fineness,  and  strength  with  those  imported.  Our  delaines, 
owing  again  in  a  great  measure  to  the  excellence  of  our  Merino  combing-wool,  sur- 
IMUB  the  fabrics  of  Bradford  at  the  same  price.  The  excellence  of  American  shawls 
^as  admitted  at  the  great  exhibition  at  London. 

It  has  been  the  experience  of  all  nations  that  the  domestic  supply  has  been  the 
first  and  always  the  chief  dependence  of  its  manufactures,  and  the  peculiar  character 
of  the  material  has  impressed  itself  upon  the  fabric  which  each  country  has  pro<luced. 
Tho8|  in  the  fine  wools  of  Saxony  and  Silesia  we  have  the  source  of  German  broad- 
cloths; in  the  combing- wools  of  England  the  worsteds  of  Bradford,  and  in  the  long 
Merino  wools  of  France  the  origin  of    the  flannels  and  caasimeres.     The  peculiar 
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exoellencias  of  Merino  wools  have  given  origin  to  our  flannels,  our  caasixnereB,  oar 
shawls,  and  delaines,  and  they  give  soundness  and  strength  to  all  the  fabrics  into 
which  they  enter.^ 

Since  that  time  the  delaine  improvement  has  been  remarkable,  the 
Kambouillet,  or  French  Merino,  has  become  popular,  the  Lincolns  and 
Cheviots  have  been  added  to  the  Leicesters,  Cotswolds,  and  the  Down 
breeds,  the  stocks  of  the  mutton  type  have  become  more  numerous, 
and  even  the  fat-tailed  Tunis  has  a  footing  among  our  breeds, 
which  now  include  nearly  all  worth  noting  in  the  world,  so  that  our 
wools  are  greater  in  variety  than  ever  befoi-e.  Nearly  thirty  years 
ago  the  writer  said  of  the  Rambouillets:  "The  introduction  of  these 
regenerators,  which  have  proved  so  efficient  in  Australia  and  Buenos 
Ayres,  might  well  again  be  essayed."  The  better  care  and  better  feed 
that  is  now  bestowed  on  all  our  farm  animals  extends  to  sheep  and 
affects  favorably  the  chai'ac^ter  of  the  wool.  This  liberal  and  system- 
atic feeding  produces  a  uniform,  sound,  and  healthy  fiber. 

Mr.  E.  B.  Bigelow,  the  first  president  of  the  Manufacturers'  Asso- 
ciation,  stated  "that  the  card- wool  industry  constituted  the  larger 
part,  probably  four-fifths  of  the  whole,''  and  that  "the  principal  hin- 
drance to  the  i*apid  extension  of  this  branch  of  manufacture  is  the 
limited  supply  of  raw  material,"  and  that  "there  is  nothing  that  would 
give  such  an  impetus  to  the  manufacture  of  worsted  fabrics  in  this 
country  as  a  full  supply  of  home-grown  long  combing- wools,"  The 
introduction  of  the  mutton  breeds  above  mentioned  and  their  wider 
dissemination  has  done  much  to  remedy  this  deficiency;  but  the  intro- 
duction of  the  French  Merino  and  the  great  improvement  wrought 
by  selection  and  breeding  of  our  Delaine  Merinos,  which  are  diflfer- 
entiated  now  in  fixed  charac^teristics  and  established  as  distinct  breeds 
with  books  of  record,  has  given  us  a  wealth  of  home-grown  material 
for  worsteds  such  as  no  other  country  enjoys. 

The  supply  of  wool  for  consumption  is  made  up  of  the  domestic 
product  and  net  importation,  or  imports  minus  exports.  An  approxi- 
mate estimate  for  the  decade  between  1840  and  1851  is  60,000,000 
pounds,  or  3  pounds  per  capita;  for  the  decade  between  1850  and  1861 
about  90,000,000,  or  about  3^  pounds  per  capita.  For  the  four  decades 
since  IStK)  annual  estimates  of  sheep  and  wool  have  been  made,  from 
which  the  following  statement  of  supply  has  been  made: 

Domestic  and  foreign  v*ool  fnipply  of  the  Vniied  States^  by  decades,  1861-19O0. 


FisoAl  yean*. 


1861-1870 
1871-1880 
1881-1890. 
1891-1900 


Dome«tin. 


1,387,586.407 
1,861,226,971 
2.805,850.348 
2.831,090,091 


Foreign. 


Poundt. 

501.611.132 

640,916,688 

889.005.571 

1,614,052,066 


Total. 


Pounds. 
1,889,197.539 
2.502,143,609 
8,694.855,919 
4,445.142,747 
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This  table  marks  the  progreiw  of  woolen  manufacture  and  shows 
that  more  than  twk-e  the  quantity  of  wool  nuinufactured  in  tJie  sixties 
is  now  required  and  that  the  mill  conaumptioo  has  advanced  per  cap- 
ita from  5.4  to  6.4  pounds. 

The  foregoing  summary  gives  the  net  importations  by  dpcadea  for 
forty  years.  For  the  la»t  ten  years  more  detail  is  deairablp,  and  the 
following  t;ible  trivi'-*  tho  annuiil  iitijKii'tation  acoordinj,'  to  tlie  tariff 
clarification,  showing  tho  proixirtion  of  clothing,  lonibing,  and  mis- 
cellancims  cheaper  wools: 

Aiaouni*,  Hiuli,  laui  niiu«(  o/  uvol  imparlM  iiUii  the  United  $SUUrn,  ISHl-lMO. 


9m'.'.'.'.   ^151 


Comblns  wools. 


PDnnda.   ^  Vuliit.   I    l-onndl    I     Valiiu.     I    I 

ll.iK7.|r^t>.»I.WI>,    90,406.69lJ    t7.TK,W^V. 
S,RS,.174    ],;)«H,e&l     S2..'>)II,2K!|      )l,7Uli.eHl|  I' 


6,73s,ai    1. 
IS.KC^    1«.  4715,735!  KB 


lsn8.23l,a7Z 
fi2  19.8811.1  OS 
:»\  21, 064. 1  HO 


This  makes  an  importation  in  ten  years  of  1,0511,807,994  pounds,  of 
*kich  about  one-half  was  received  in  a  little  uioro  than  throe  years  us 
free  wool,  twice  as  nmch  as  tho  usual  average  under  the  dutiable 
schedules.  The  worst  aspect  of  thia  abnormal  increase  is  the  large 
proportion  of  clothing  and  combing  wools  under  the  law  of  1894,  more 
than  two-thirds  of  all  the  receipts  for  ten  years  coming  during  this 
period.  These  are  the  wools  that  compete  most  seriously  with  the 
domestic  product. 

To  show  the  amount  of  wools  imported  at  tho  present  time  and  the 
conntriea  from  which  they  are  imported  tho  following  statement  cov- 
ers imports  of  clothing  wools,  or  those  of  the  Merino  type,  for  the  fis- 
«1  year  ended  June  80, 1900: 


i;u4;487 

12,602,068 

2,934,126 

37,4W,2*3 

"niongb  Great  Britain  makes  the  largest  shipments  the  wool  is  not 
pown  there,  but  comes  mostly  from  Australia,  with  some  contribu- 
tions from  South  Africa  and  the  Plata  Kiver  region  of  South  America. 
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The  combing  wools  (class  2)  are  always  a  relatively  small  quantity, 
our  various  families  (now  recognized  as  breeds)  of  Merino  Delaines 
producing  a  finer  combing  wool  than  the  English  breeds  and  furnish- 
ing much  of  the  present  supply.  Class  2  includes  the  wool  of  these 
mutton  breeds,  and  comes  mostly  from  Great  Britain,  the  homo  of  the 
mutton  sheep,  though  much  of  this  may  have  been  brought  to  London 
from  the  mother  flocks  of  New  Zealand  and  Argentina.  Canada  makes 
the  next  largest  contribution  to  our  imports  of  English  combing^  wools. 
The  following  statement  shows  the  sources  of  these  foreign  wools: 

Amounts  and  values  of  combing  wools  {doss  2)  imported  in  fiscal  year  ended  June  SO,  1900, 

by  countries  from  which  imported. 


Countries. 


Amount. 


United  Kingdom 

Other  Europe 

British  North  America. 

South  America 

Asia  and  Oceania 

Other  coun  tries 


Pounds 

9,445,222 

779,630 

2,185,929 

206,472 

25,840 

38,190 


Value. 


$1,885,50 

271,662 

418,508 

48,600 

7,102 

7.." 


Total. 


12,631,288 


2,638,721 


Class  3,  miscellaneous  wools,  sometimes  miscalled  caipet  wools,  are 
the  product  of  neglected  flocks  and  unskilled  bi'eeding  throughout  the 
world.  Some  of  these  wools  can  be  and  have  been  used  for  coarse 
flannels,  and  some  can  be  utilized  in  cheap  cloths.  As  our  carpet 
industry  is  flourishing,  and  so  far  held  its  own  in  the  great  depression 
of  manufactures  as  to  supply  domestic  consumption  and  keep  out  all 
but  a  few  fancy  weaves  and  special  orders,  most  of  this  cheap  stuff, 
costing  less  than  an  average  of  10  cents  per  pound,  and  some  of  it  not 
more  than  7,  necessarily  goes  chiefly  into  carpets.  Indeed,  in  the 
manufacture  of  the  best  grades  of  carpets  better  wool  is  sometimes 
used.     The  wool  of  class  3  comes  from  the  following  countries: 


AmourUs  and  values  of  tvools  of  doss  3  imported  in  fiscal  year  ended  June  SO,  J900,  by 

countries  from  which  imported. 


United  Kingdom 

France 

Germany 

other  Europe 

British  North  America. . 

South  America 

China 

other  Asia  and  Oceania. 
Other  countries 


Countries. 


Total. 


Amount. 


Pounds. 

29,S49,S16 
3,784,006 
2,187,716 

21,660,166 


10,608,902 

90,700,966 

7,188,676 

444,179 


105,882,929 


Value. 


$3,199,216 

375,298 

23S,U7 

1,988,625 


796,982 

2,157.573 

828,896 

4^58S 


9,617,290 


The  year  ended  June  30,  1900,  has  been  one  of  it^markable  activity 
in  manufacture.     The  output  has  been  unprecedented,  yet  the  impor- 
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tadoDS  of  wool  in  the  three  fiscal  years,  1898-llKK),  have  been  less 
than  one-half  as  much  as  the  importations  of  the  preceding  three 
years.  There  has  been  wool  used  of  previous  importations  because 
the  glut  had  to  be  cleared  away  and  the  destruction  of  sheep  had  caused 
an  insufficiency  of  the  domestic  product;  yet  there  is  reason  to  believe 
that  in  the  presence  of  a  full  domestic  supply  of  clothing  and  combing 
wools  there  i^ould  be  no  very  urgent  demand  for  the  importation  of 
any  large  quantity  of  wools  except  those  of  class  8. 

It  is  indicatiye  of  the  high  standard  of  living  in  the  United  States 
that  the  consumption  of  wool  in  domestic  and  imported  goods  hiis 
increased  in  fifty  years  from  4  to  8  pounds  per  head. 

While  our  importations  of  manufactures  of  wool  have  increased  in 
each  decade  for  fifty  years,  except  the  last,  the  value  per  capita  of 
imports  has  been  diminishing  with  much  regularity  for  fifty  years. 
For  the  ten  years  ended  with  1860  this  value  per  capita  was  the  high- 
est in  the  history  of  our  foreign  trade,  $1.16;  in  the  following  decades, 
respectively,  94,  90,  74,  and  46  cents.  A  heavy  decrease  is  noted  in 
the  last  decade,  an  effect,  as  the  writer  believes,  of  legislation  tending 
to  restrict  importation  and  to  stimulate  domestic  production.  This  is 
the  more  notable  from  the  fact  that  the  average  annual  imports  of  the 
free-wool  period  were  nearly  double  those  of  the  other  seven  years, 
being  $47,065,760,  although  the  prices  were  low  and  quantities  of  low- 
class  goods  correspondingly  large.  There  were  never  so  many  goods 
before  imported  in  three  years,  and  they  never  were  of  so  base  a 
quality.  Yet  the  reduction  in  value  of  impoils  since  1890,  as  com- 
pared with  the  previous  decade,  is  26  per  cent,  while  our  population 
has  been  increased  about  20  per  cent. 

This  affords  a  guaranty  of  our  ability  to  produce  all  the  woolens 
required  for  consumption.  The  machinery  at  present  in  operation  is 
deemed  sufilcient,  without  much  extra  speeding  or  increase  of  running 
time,  to  supply  the  wants  of  a  full  rate  of  consumption. 


Value  of  net  importations  of  manufactures  of  wool  by  deauleti, 

1830-1900 

• 

Teuyeara 
ended  with- 

Aggregate. 

Annual 
average 

Average 

value  per 

capita. 

Ten  years 
ended  with— 

Aggregate. 

Annual 
average. 

Average 

value  per 

capita. 

IW).... 

182,900,615 
139,507,716 
130,058.518 
813.332,730 

98,290,062 
13, 950,772 
13,006,852 
31,833,278 

80.75 

.94 

.65 

1.16 

1870 

8330,465,214 
395,376,936 
433,459.813 
320.134,071 

833,046.521 
39,637.694 
43,345,981 
82,013,407 

10. 9i 

im... 

1880 

.90 

UBO.... 

1890 

.77 

WW....: 

1900 

.46 

, 

The  magnitude  of  our  woolen  industry  may  not  be  appreciatexl 
ftilly.  It  has  suffered  from  adverse  legislation,  but  is  now  producing 
naore  than  ever  before.  This  is  one  of  four  great  manufacturing  coun- 
Wes,  and  every  one  of  the  four  has  built  up  its  wool  manufacturing 
utdofitry  by  protective  legislation.  Great  Britain  alone  has  abandoned 
^  policy.  France  stands  at  the  head  in  importance  of  manufacture, 
(iref^  Britain  comes  next,  and  Germany  and  the  United  States  are 
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nearly  equal.  It  will  not  be  long,  doubtless,  in. the  absence  of  adv^era 
legislation,  before  this  country  will  surpass  all  others  in  the  exten 
and  value  of  manufactures  of  wool.  It  has  one  advantage  possesses 
by  none  of  its  rivals— a  domestic  supply  of  two-thirds  of  the  mill  con 
sumption  and  pastoral  areas  sufficient  for  the  whole  of  it. 

Other  countries  must  depend  mainly  on  foreign  wool,  as  ITi^noe 
Great  Britain,  and  Germany  together  only  produce  about  as  much  ai 
this  country.     This  foreign  dependence  is  thus  indicated: 

Imports  and  exporiJi  of  fvool  by  FVimce^  Great  Brilainf  and  Germany  for  1890  and  1S99 


Coantrios. 


Year. 


Franco :/    \^ 

Great  Britain ;...J|    J|^ 

Germany {    \^ 


Imports. 

Exports. 

Pounds. 
371,722,377 
558.455,820 
629,236,219 
73.3.627,420 
283,542,424 
391,636,633 

Pounds, 
39,575,679 
&I,  903, 961 
360,006,616 
410.929,012 
19,872,264 
19,920,064 

Net  f inport& 


P&unds. 

332,146,79 
498,  461, «« 
269.229.609 
324.G9H.iaS 
263.670.ieO 
371. 716.  i 


Fi-ance  in  1890  had  a  domestic  product  of  124,803,000  pounds, 
which  has  greatly  declined.  Great  Britain  had  147,476,000  at  that 
time,  and  Germany  54,894,000.  The  numbers  of  sheep  in  Germany 
and  Fi'ance  have  fallen  off,  increasing  their  dependence  on  imports  of 
wool. 

For  the  past  ten  years  the  wool  supply  of  this  countiy,  domestic 
and  foreign,  has  been  about  430,000,000  pounds  annually,  which  is 
about  the  same  as  that  of  Germany  now,  and  nearly  as  large  as  that  of 
Gi'eat  Britain,  exclusive  of  the  stocks  of  shoddy  and  wastes  of  all 
kinds.  About  three-fourths  of  all  the  wool  of  the  world  is  manufac- 
tured in  these  four  countries,  besides  the  reman ufacture  of  the  reno- 
vated rags  of  the  world,  of  which  the  people  of  this  country  would  he 
glad  to  accord  Europe  the  monopoly,  and  with  it  the  doubtful  reputa- 
tion of  having  the  cheapest  clothing. 

The  question  has  been   repeatedly  asked,  Can  we  produce  all   the 
wools  required  for  domestic  manufacture?     There  is  no  doubt  of  the 
capacity  of  the  cx)untry  to  produce  more  wool  than  is  now  consumed 
in  any  form.     There  are  economic  reasons  that  will  doubtless  prevent 
the  production  of  very  low-grade  wools.     Yet  with  100,000,000  sheep 
there  will  be  a  considerable  number  of  common  sheep,  such  as  Mexi- 
cans in  the  early  stages  of   improvement;  also  the  belly,  neck,  and 
breech  wools  of  the  coarse-wooled  breeds  will  furnish  a  large  quantity 
of  carpet  wool;  and  if  these  are  not  sufficient,  woolgrowers  will  prob- 
ably not  object  to  the  admission  from  abroad,  at  the  present  low  rate 
of  duty,  of  all  that  is  necessary  to  meet  the  deficiency.     But  the  cloth- 
ing and  worsted  wools  required  can  be  and  should  be  produced  in  suf- 
ficent  quantity  to  meet  the  requirements  of  increasing  population  for 
many  years  to  come.     When  our  population  is  far  more  dense  than  at 
^x>resent,  and  the  very  limited  exportation  of  woolen  manufactures  has 


SHEEP    AND    WOOL.  33 

accjuired  a  far  greater  volume,  it  will  be  time  enough  to  liegin  to 
question  the  jx)asibility  of  a  full  domestic  wool  supply. 

The  sheep  is  a  factor  in  keeping  up  the  fertility  of  lands.  A  million 
farms  cast  of  the  Mis^-issippi  need  them  in  their  pa.stures  to  keep  down 
gz'owths  of  plants  that  cattle  or  horses  do  not  touch.  They  are  kept 
on  lands  in  England  far  more  valuable  than  the  l)est  in  New  York  or 
Ohio. 

Increasing  |X)pu1ation  will  require  more  meat.  Years  ago,  when 
sheep  were  kept  almost  exclusively  for  wool,  and  the  aged  slaughtered 
for  market  in  poor  condition,  tough  and  tasteless,  ''sheep  meat"  was 
not  popular.  Those  days  are  past;  mutton  is  appreciated  and  Iamb  is 
a  delicacy  that  brings  high  prices.  Mutton  eating  is  rapidly  increas- 
ing. It  is  taking  the  place  of  pork  as  a  more  palatable  and  healthful 
meat,  and  even  reducing  the  relative  consumption  of  beef,  as  in 
England. 

It  should  be  remembered  that  Ohio  has  had  three  times  as  many 
sheep  as  at  present,  and  could  easily  care  for  7,0(X),0OOagain;  that  the 
central  West  has  had  twice  as  many  as  now,  with  abundant  lands  for 
their  pastuiuge,  and  for  more  than  were  ever  before  kept.  Texas  has 
kept  thi-ee  times  as  many  as  at  the  present  time,  and  with  increase  of 
feeding  resources,  in  forage  plants,  oil  meal,  and  corn,  in  feeding  sup- 
plementary to  pasturage,  can  keep  larger  stocks  than  ever.  The 
increase  of  beet-sugar  factories,  to  be  greatly  accelerated  in  the  future, 
furnishes  material  for  feeding  sheep  in  large  quantities.  Mutton  pro- 
duction in  the  South,  an  industry  feebly  existent  hitherto,  can  be  made 
One  of  the  most  profitable  in  the  agriculture  of  that  section. 

It  is  not  easy  to  limit  or  measure  the  sheep-carrying  capacity  of  the 
country,  of  the  farms  as  welf  as  the  ranges.  Little  more  than  a  third 
of  the  land  is  in  fanns,  and,  of  many  of  the  farms,  not  a  third  of  the 
area  is  in  cultivation  or  full  occupation. 

Maine,  the  '"  down-east"  State  of  the  Atlantic  coast,  has  only  a  third 
of  its  area  in  fanns,  and  its  forest  lands  are  among  the  most  fertile 
in  the  Esist.  The  States  east  of  the  Mississippi  can  carry,  without 
encroachment  on  other  lines  of  rural  industry,  more  sheep  than  there 
are  now  in  the  entire  country. 

Will  this  development  be  made?  It  depends  entirely  on  economic 
conditions.  If  good  prices  of  wool  are  mamtained  for  a  period  suffi- 
ciently long  to  give  the  grower  confidence,  if  practical  education  in 

feeding  is  advanced,  and  the  promise  of  a  permanent!}^  profitable 
business   is  assured,  there  is  likely  to  be  a  realization  of  such  an 

increase  of  flocks. 

How  many  sheep  would  be  required?     Estimates  have  heretofore 

been  considerably  exaggerated.     Sometimes  it  has  been  stated  that 

9  pounds  per  capita  of  wool  arc  annually  required  in  goods  of  all 

kinds.     The  consumption  has  never  been  so  great.     Eight  pounds  is 
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an  ample  estimate.  The  annual  wool  supply  for  the  last  ten  years  has 
avemged  444,514,274  pounds.  The  annual  imports  of  manufactures  of 
wool  are  valued  at  $32,013,407,  against  an  annual  average  of  $43,345,- 
981  for  the  ten  years  ended  with  1890.  And  these  figures  include, 
besides  wool  and  manufactures  of  wool,  a  large  pi^oportion  of  shoddy 
and  shoddy  goods.  Compare  the  fleece  wools  used  in  Great  Britain 
with  the  quantity  or  value  of  manufactured  goods,  and  an  analysijs 
will  show  how  large  a  proportion  of  shoddy,  flocks,  mungo,  and 
wastes  of  all  kinds  enter  into  the  composition  of  this  mass  of  manu- 
facture. American  shoddy  itself  makes  an  appreciable  addition  to 
the  wools  of  the  country,  and  always  will,  and  they  should  be  included 
in  reckoning  the  wool  requirements  of  our  manufacture,  appreciably 
reducing  the  amount  required.  In  these  high  estimates  of  recjuire- 
ment  every  form  of  shoddy  and  waste,  cotton  and  linen,  that  enters 
into  the  goods  imported  as  woolens  is  counted  as  wool.  It  may  be 
jwool  to  the  manufacturer,  but  it  is  not  to  the  woolgrower. 

A  total  of  60,000,000  sheep,  producing  360,000,000  pounds  of  fleece 
and  60,000,000  pounds  of  butchers'  wool,  would  have  furnished  very 
close  to  the  supply  for  manufacture  during  the  last  ten  years,  without 
considering  shoddy  or  substitutes.  Should  we  reach  a  total  of  80,000,000 
sheep  in  a  decade  or  two,  a  volume  of  550,000,000  pounds  of  wool 
would  be  pro<luced — ^more  real  wool  than  an}^  nation  in  the  world, 
except  possibly  France,  has  ever  manufactured  in  a  single  year. 
When  we  reach  100,000,000,  if  we  should,  with  700,000,000  pounds  of 
wool,  fleece  and  pulled,  with  the  substitutes  that  must  be  counted  in 
manufacture,  thei-e  would  be  a  liberal  and  ample  supply  for  a  popula- 
tion of  100,000,000.  This  does  not  make  allowance  for  a  considerable 
quantity  of  carpet  wools  that  are  quite^eilain  to  be  imported,  and 
any  other  imports  that  manufactui*crs  might  fancy  in  their  quest  for 
novelties  or  preferences  in  wools,  which  must  always  reduce  domestic 
requirements. 

The  present  duties  are  not  prohibitoiy.  They  will  admit  a  large 
quantity  of  the  third  class,  and  more  or  less  of  the  other  two,  no  matter 
how  large  the  domestic  supply,  but  they  will  suffice  to  prevent  an 
avalanche,  maintain  fair  prices,  and  admit  of  gradual  enlargement  of 
wool  production. 

The  fleece  of  the  Angora  goat,  known  as  mohair,  is  one  of  the  ele- 
ments, however  small,  included  with  our  foreign  wool  supply,  and 
should  be  reckoned  with  the  domestic.  .  A  few  words  regaixiing  the 
Angora  goat  industry  in  this  country  are  in  order  here.  In  1849  Dr. 
Davis  , imported  two  bucks  and  six  does  of  good  quality.  Colonel 
Peters  followed  with  several  importations.  Diehl  &  Brown,  in  1869, 
imported  135  animals;  Mr.  Israel  Diehl  had  a  commission  from  the 
Department  of  Agriculture  to  facilitate  his  work  of  selection.  Maurice 
Brothers,  of  Texas,  made  importations  in  1869,  1871,  1872,  and  1873. 
Mr.  John  L.  Harris  went  from  California,  in  1875,  to  Asia  Minor  to 
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investigate  Angoi'a  breeding,  and  in  California,  Oregon,  and  Ni»vuda 
has  been  engaged  in  breeding  ever  since,  establishing  large  flocks  and 
distributing  to  other  States. 

They  are  not  confined  to  range  districts,  but  have  been  hold  in  many 
of  the  farming  States  from  the  Missouri  to  the  seaboard,  liecontly 
there  has  been  an  active  demand  for  them  at  advanced  prices.  In  the 
agricultural  exhibit  of  the  Paris  Commission  there  arc  24  samples  of 
mohair  from  a  few  of  the  prominent  flocks,  most  of  them  coUecU^d  by 
William  R.  Payne  &  Co.,  New  York  dealers  in  mohair  and  wcm)Is. 
They  estimate  the  annual  product  of  mohair  at  al>out  70(),000  pounds, 
grown  mostly  in  Texas,  California,  Oregon,  and  Nevada,  and  the 
number  of  goats  at  about  240,(X)0. 

THE   CLASSIFICATION    AND   HANDLING   OF   AMERICAN   WCK)LS. 

Early  in  the  spring  of  each  year,  at  the  shearing  of  the  annual  clip, 
the  principal  woolgrowing  sections  swarm  with  buyers  representing 
woolen  mills  and  dealei*s  in  wools.  Man}^  of  these  are  residents  of  the 
country,  buying  on  commission,  sometimes  on  speculation  on  their 
own  account.  All  the  conditions  and  influences  tending  to  lower 
prices  are  of  course  urged  to  depress  values  at  this  time;  and  if  the 
tendencies  are  sharply  toward  a  higher  level,  as  in  the  spring  of  181M), 
the  buyers  are  careful  not  to  give  them  publicity.  Yet  intelligent 
growei-s  are  alert  to  ascertain  prompth'  and  accurately  the  drift  of 
prices.  Others  ai*e  sometimes  caught  napping  and  part  with  their 
wool  at  prices  which  leave  too  large  a  margin  to  the  speculative 
middleman. 

The  merino  wools,  or  clothing  wools,  are  commonly  classified  as 
Picklock,  XXX,  XX,  X,  one-half  blood,  three-eighths  blood,  and  one- 
fourth  blood,  according  to  quantity  and  fineness.  Picklock  is  an 
extremely  fine  fiber,  of  which  a  very  little  is  found  in  the  remaining 
Saxony  flocks  of  breeders  in  western  Pennsylvania.  Most  of  these 
breeders  have  modified  their  flocks  to  obtain  heavier  fleeces  of  longer 
•  fiber,  bringing  much  more  money.  There  is  ako  very  little  of  the 
XXX  grade,  which  is  only  exceeded  in  fineness  by  the  purest  breed- 
ing of  Saxony  Merinos.  The  mass  of  high-grade  clothing  wool-  is  of 
the  XX  and  X  gi*ades.  The  lower  grades  are  made  by  dealers  accord- 
ing to  fineness  and  quality,  without  a  knowledge  (which  would  be 
impossible  to  attain)  of  the  precise  f  inaction  of  Merino  blood  of  the 
sheep  producing  them. 

The  combing  wools  are  of  two  classes.  Formerly  they  were  exclu- 
sively of  the  English  mutton  breeds,  or  at  least  were  not  of  Merino 
origin.  The  exigencies  of  wool  manufacture,  the  insuflBciency  of  sup- 
ply of  true  combing  wool,  made  it  necessary  to  adapt  machinery  for 
combing  the  merino  carding  or  felting  wools.  This  rendered  necessary 
a  fiber  longer  than  2i  inches^  which  is  about  the  length  of  the  finer 
qualities.     A  considemble  difference  always  existed  in  length  of  fiber 
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of  different  families  under  different  climatic  and  nutritive  conditions; 
it  was  easy,  ty  selection  and  breeding,  to  increase  the  length,  a  process 
of  modification  which  has  been  in  progress  for  many  yeai's.  This 
merino  division  of  combing  wools  is  classified  in  three  grades — fine, 
the  finest  of  long  staple;  medium,  not  quite  so  fine;  and  low,  of  comb- 
ing length  and  a  little  finer  than  the  combing  wool  of  mutton  breeds. 
These  are  classed  as  three -eighths  blood,  one-fourth  blood,  conmion, 
and  braid,  the  last  being  the  long  and  lustrous  wools  of  the  Lincolns, 
and  also  of  Leicesters  and  Cotswolds. 

The  condition  of  wool  is  an  important  element  of  value  and  of  profit 
in  sheep  husbandry.  It  is  a  matter  that  demands  the  attention  of 
growers,  who  could  readil}'^  obtain  a  few  million  dollars  more  for  the 
annual  clip,  mostly  additional  profit,  by  greater  care  in  management 
and  better  methods  of  handling. 

Neglect  of  flocks  in  winter,  insufiicient  supply  of  feed,  the  great 
difference  between  the  succulent  spring  pasture  and  dry  winter  feed, 
perhaps  scarcely  more  liberal  than  the  run  of  straw  stacks,  will  cause 
uneven  quality,  reduction  of  strength,  and  decrease  in  price.  Lands 
allowed  to  be  overrun  with  weeds  will  fill  fleeces  with  seeds  and  burs, 
and  what  is  saved  in  labor  is  doubly  lost  in  lower  price.  A  great  deal 
of  dust  and  chaff  in  fleeces  can  bo  obviated  by  a  little  attention  to 
methods  of  feeding.  Care  in  shearing  is  also  important,  resulting  in 
saving  of  wool  and  in  better  condition  of  the  fleece. 

In  the  putting  up  of  wool  for  market  there  has  long  been  a  cause  of 
variance  and  friction  between  grower  and  buyer  in  all  parts  of  the 
country.  The  buyer  complains  of  filthy  tags  and  dirt  in  the  fleeces, 
and  of  the  use  of  unnecessary  quantities  of  unreasonably  large  twine 
of  a  quality  that  injures  the  fabric  in  the  manufacture.  On  the  other 
hand  growers  say  that  when  they  exercise  the  greatest  care  in  all 
these  respects  the  buyers  will  allow  no  discrimination  in  price.  There 
is  doubtless  some  truth  in  these  countercharges,  yet  a  lot  of  fleeces 
carefully  handled,  of  even  quality,  would  claim  some  consideration 
from  a  practical  buyer,  or  they  could  be  sent  to  a  reliable  commission 
house  and  command  a  price  that  would  pay  well  for  the  extra  care. 
There  is  evidently  room  for  nmch  improvement  on  the  part  of  seller 
and  buyer,  and  the  subject  is  worthy  of  the  thoughtful  consideration 
of  both. 

The  advisability  of  washing  sheep  before  shearing  has  long  been  a 
subject  for  discussion.  Its  puipose  is"  the  better  condition  and  higher 
price  of  the  wool.  The  difficulty-  presented,  which  appears  to  be 
insuperable,  is  in  obtaining  a  uniform  condition  of  cleanness.  Neces- 
sarily some  flocks  have  more  foreign  matter  in  their  fleece&than  others; 
there  is  always  great  difference  in  the  amount  of  yolk  or  grease  which 
the  ordinary  washing  does  not  affect.  Facilities  for  wjushing  are  very 
oor  on  many  farms  and  ranges,  and  different  methods  of  washing  are 
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very  unequal  in  their  i*e8ults.  If  a  grower  is  not  inclined  to  be  exactly 
square  in  his  dealings,  or  if  his  perceptions  of  strict  honesty  are  a 
little  confused  by  the  unfairness  of  buyers  in  making  no  discrimination 
as  to  degrees  of  cleanness  in  buying,  he  may  slight  the  process  or 
driye  the  flock  through  muddy  water.  As  a  rule  the  grower  evidently 
intends  to  be  honest,  but  in  the  warfare  of  trade^^  where  Greek  meets 
Greek  in  a  contest  for  self-preseiTation,  ethical  yiews  are  apt  to 
become  confused.  With  all  these  obstacles,  it. seems  to  be  impossible 
to  assure  any  great  degree  of  uniformity  in  the  cleansing  of  fleeces  by 
farm  washing.  Then  it  is  desirable  to  shear  early,  to  give  the  flock  a 
better  chance  for  comfort  and  growth  in  the  waimth  of  later  spring, 
and  also  to  obtain  an  opportunity  of  choice  of  time  in  selling,  prices 
often  being  l)etter  in  the  early  spring;  but  very  early  shearing  involves 
a  risk  of  injury  from  exposure.  Altogether,  most  flock  raisers  prefer 
not  to  wash,  and  nearly  all  dealers  unite  in  a  preference  for  unwashed 
wools.  They  find  so  much  unevenness  that,  in  buying  washed  wool, 
they  usually  make  some  deduction  from  established  washed  rates,  and 
in  some  cases  pay  little  more  than  for  unwashed.  It  is  said  that  much 
of  the  country  washing  is  a  positive  disadvantage  in  scouring  the  wool. 
Therefore  the  practice  of  washing  is  declining;  in  many  districts  it 
has  been  almost  abandoned.  The  practice  is  in  vogue  in  Michigan  only 
to  a  limited  extent,  9,696,446  pounds  being  unwashed  of  12,025,802 
pounds  purchased  by  dealers  last  year,  as  reported  by  Prof.  Herbert 
W.  Mumford,  in  Bulletin  No.  178  of  the  Michigan  State  Agricultural 
College,  a  very  thorough  inquiry  into  the  reasons  why  Michigan 
wools  sell  at  a  lower  pric^  than  those  of  Ohio  and  Pennsylvania. 

In  some  parts  of  the  country  where  climatic  causes  interfere  to  pre 
vent  evenness  of  fiber,  as  in  Texas,  New  Mexico,  Arizona,  and  south- 
em  California,  the  practice  of  shearing  twice  annually  is  adopted,  the 
winter  fleece  being  stronger  and  of  greater  value  than  the  brash  fiber 
grown  in  sununer.  It  is  a  saving  of  wool  and  a  great  saving  in  annual 
proceeds  of  flocks.  The  summer  and  winter  growth  do  not  work  well 
together,  reducing  both  qualities  to  a  low  level. 

The  use  of  sheep-shearing  machines  is  increasing.  They  shear 
closer,  secure  more  wool  than  hand  shearing,  leave  the  fleece  in  evener 
condition,  and  are  not  so  liable  to  cut  the  skin  of  the  sheep.  Yet 
their  use  is  confined  mainly  to  large  flocks  beyond  the  Missouri  River. 
Small  flocks  do  not  warrant  the  expense  of  these  machines  and  the 
trouble  of  keeping  their  knives  in  order,  which  are  returned  to  the 
factory  to  be  sharpened. 

Unquestionably  it  will  be  in  the  interest  of  the  grower  to  reform 
the  awkward  and  unseemly  methods  of  t^^ing  up  for  market,  avoiding 
unseemly  packages,  the  use  of  heavy  twine  of  unnecessary  quantity, 
and  the  inclusion  of  tags  and  other  rubbish.  Those  defects  are  so 
easily  seen  and  so  repulsive  in  the  sight  of  the  buyer  that  they  must 
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influence  his  offer.  There  is  great  objection  to  using  hemp  twine, 
which  injures  the  fabric  with  which  it  is  mixed,  and  anyone  who  has 
attempted  to  free  a  fleece  of  the  interminable  tangle  of  much  of  the 
elaborate  tying  in  vogue  will  acknowledge  the  task  a  practical  impoa- 
sibility.  A  small  linen  twine  is  recommended,  and  as  it  costs  nearly 
as  much  per  pound  as  the  wool,  there  is  no  inducement  to  use  a  lai^ 
quantity,  and  little  will  be  required,  once  around  the  fleece  each  way 
being  ample  for  a  light  fleece,  and  twice  for  a  heavy  merino  fleece. 

Neatness  and  honesty  in  putting  up  all  products  for  market  are 
yearly  becoming  more  important  in  wool,  cotton,  fruits,  everything. 
In  the  long  run  they  will  materially  increase  the  profit  of  the  produc- 
tion. It  will  not  pay  to  sacrifice  the  profit  of  production  by  awkward 
and  distasteful  packing.  There  arc  millions  of  dollars  in  thLs  piuctical 
idea. 

An  avoidance  of  these  knotty  and  troublesome  causes  of  difference 
between  seller  and  buyer  may  be  secured  by  making  general  the  scour- 
ing of  wool.  Now  that  prices  are  fixed  as  nearly  as  possible  on  a 
scoured  ba^jis,  the  advantage  to  the  grower  is  all  the  greater.  There 
are  many  of  these  scouring-mill  plants,  even  as  far  west  as  New  Mexico, 
and  one  heavy  flock  master  says  he  saved  $1,668  on  his  clip  by  scouring. 
The  saving  of  the  freight  on  the  grease  and  dirt  is  alone  a  large  item. 

THE   COURSE    OF   PRICES. 

The  wool  prices  in  the  table  following  are  for  fine,  mediimi,  (ind 
coarse  wools  during  a  period  of  seventy  years.  They  show  frequent 
and  sometimes  sharp  fluctuations,  duo  to  the  influence  of  relative  sup- 
ply and  demand,  speculative  operations  in  home  and  foreign  markets, 
tariff'  changes,  and  other  causes.  Influences  affecting  prices  are  alwa3's 
operative,  and  analysis  of  their  proportionate  effect  would  require  a 
volume.  All  that  is  deemed  necessary  here  is  to  show  what  marked 
and  more  or  less  pcmianent  changes  in  value  have  occurred. 

One  noticeable  point  is  the  cheapening  of  wool  during  the  centurj'. 
Near  its  beginning,  in  the  period  of  war  with  Great  Britain,  the 
extreme  quotation  for  the  finest  wool  reached  $2.50  per  pound,  but 
even  then  the  lower  gi-ades  were  only  a  third  as  much.  In  1824,  when 
this  record  connncnccs,  the  nmge  of  values  by  grades  waa  from  68 
to  40  cents,  and  higher  values  were  reported  in  1831,  1834,  and  1837, 
with  fluctuations  down  to  33  cents  for  fine  in  1849.  Later  the  ivquire- 
ments  of  the  civil  war  period  and  the  currency  inflation  made  quota- 
tions higher,  touching  $1.02  for  fine  in  1805,  when  gold  premiums 
were  very  high.  In  1808,  the  time  of  sharp  reaction  in  eveiything 
relating  to  wool,  there  was  a  fall  to  48,  and  to  47  in  1871.  When  the 
flurry  wfw  over,  in  1872,  fine  wool  was  up  to  70  cents  again.  Then 
followed  a  long  period  of  growth  in  the  industries  of  woolgrowing 
and  manufacture  in  this  and  all  other  woolgrowing  countries.  A 
gradual  decline  in  the  price  of  tine  wool  followed  year  by  year,  till 
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the  price  of  34  cents  was  reached  in  that  ever-to-be-i"emembei*ed  year 
of  culminating  depression  in  prices,  1879,  reacting  to  50  cents  in  the 
following  year,  to  decline  gradually  to  20  cents  in  1893. 

But  this  decline  in  fine  wool  does  not  give  an  accurate  view  of  the 
fall  in  wool  prices  in  the  course  of  seventy  yeai-s.  While  more  than 
half  was  taken  from  the  value  of  fine  wool,  ihedium  fell  from  53  to  33 
cents,  and  coai*se  only  from  40  to  29.  It  will  be  observed  that  these 
two  grades  in  the  beginning  were  68  and  40,  at  the  end  29  and  29. 
Fashion  in  fabrics  ran  to  coarse  weaves,  to  worsteds  rather  than  to 
smooth  cloths. 

A  reference  to  the  table  will  show  in  several  instances  very  marked 
fluctuations  in  price  between  January  and  July  of  the  same  year,  as  in 
1824,  fine  falling  from  68  to  55,  and  in  1831  rising  from  70  to  75,  and 
in  1836  again  from  65  to  70  cents.  In  coarse  wool  in  1893,  between 
Januaiy  and  July,  there  was  a  fall  from  29  to  25,  as  in  a  similiar  period 
in  1824  it  fell  from  40  to  30  cents,  and  in  1827  from  28  to  25  cents. 
At  several  dates  in  seventy  yeai's  did  coarse  wool  touch  25  cents,  and 
in  1849  a  lower  figure,  23  cents.  It  can  not  be  said  that  the  record  of 
prices  of  coai*se  wool  has  been  marked  by  any  serious  or  permanent 
decline. 

Wool  prices  of  8eveni%j  yean^  182jhl89S. 
[Mauger  &  Avery's  Rnnual  wool  circular.] 
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Philadelphia  UW4  prices,  188&-189S, 
[Circular  of  Coates  Brothero.] 


Kinds  of  Wool. 


OHIO,  PENNSYLVANIA,  AND  WB8T 
VIRGINIA   WA81IRD. 


XX  and  above. 
X 


Medium 

Quarter  bUxid 

Common  and  eotted. 


NEW  YORK,  MICHIGAN,  AND  INDIANA 
WASHED. 

XX 

X 


Medium  

Quarter  blood 

Common  and  eotted 


COMBINc;   AND  DELAINE    FLKKCE. 


Washed  fine  delaine 

Washed  medium 

WuHhed  low 

Washed  eoarse 

Unwashed,  medium 

Unwashed,  low  and  eoane 


LIGHT   AND  BRIGHT,  rNWABHRD. 


Fine 

Me<lium 

Low  medium 
Coarao 


Cents. 
82-35 
30-31 
30-31 
28-29 
22-25 


21^29 
27-28 
30-30 
27-28 
22-23 


33-35 
32-35 
30-31 
27-29 
24-26 
21-24 


20-21 
22-24 
20-22 
15-17 


1886. 

1887. 

Ontis. 

Cents. 

34-35 

34-36 

31-33 

32-»4 

34-35 

38-^0 

33-34 

38-39 

27-80 

80-35 

31-33 

31-33 

30-31 

30^2 

33-35 

37-40 

32-33 

37-39 

27-29 

30-35 

1888. 


DARK   COIX)RED,   I'NWASHKD. 

Light  fine '    17-20 

Heiivy  fine 

Medium 18-20 

Fine  medium i    16-18 

CoarsMi !    15-16 


(•OU)RAD<),   VNWA8HED. 


Me<1ium  and  fine,  choice. . . . 

Medium  and  fine,  heavy 

Common  and  quarter  bUxKl 
Coarse,  carpet 


NEW  MEXICAN,   UKWASHED. 


Choice  Improved 

Partly  improved 

('oarse,  carpet,  light .. 
C-oame,  carpet,  heavy. 
Black 


TEXAS,   UNWASHED. 


Fine,  12  months 

Medium,  12  months. 
Coarse,  12  months. . . 


MONTANA,    TN  WASH  ED. 


Fine  bright 

Medium  bright 

Coarse  bright 

Dark,  colored,  heavy 


17-20 
17-18 
lG-17 
15-16 


lfr-20 
15-16 
14-15 
13-14 
12-13 


18-22 
20-25 
14-15 


20-22 
20-22 
16-18 
16-18 


UTAH   AND   WYOMINfl,    I'NWASHED. 


Light  fine 

Heavy  tine ». 

Fine  medium 

Selected  medium 

Ix)w 


21-22 
27-28 
25-26 
20-22 


19-21 


22-26 
22-23 
17-19 


'23-26 
21-23 
20-21 
17-18 


22-25 
19-21 
17-18 
15-17 
15-16 


21-24 
25-27 
17-18 


20-23 
24-27 
20-23 
18-20 


Cents. 
29-31 
28-29 
32-36 
31-34 


33-*> 

36-38 

35-36 

38^0 

34-36 

37-39 

32-34 

36-37 

27-28 

32-35 

25-27 

30-32 

22-25 
30-34 
28-30 
22-25 


19-22 
19-22 
25-28 


22-24 


26-28 
22-24 
20-22 
17-18 


20-23 

25-28 
18-20 


21-23 
26-28 
20-2:i 
18-20 


lJV-19 

20-22 

'20-Zl 

16-17 

18-20 

18-20 

17-18 

21-28 

22-24 

li^20 

24-26 

2ti-28 

1.V16 

17-19 

22-24 

I 
CTcnts    •  Cents. 
34-37  ;    33-35 


33-34 
38^0 


31-33 
34-^ 
32-35 
30-33 
25-28 
28-25 


17-20 
24-27 
23-26 
20-23 


15-17 
12-14 

ifr-ao 

1^17 
15-16 


20-23 
18-20 
16-18 
14-16 


23-26 

lft-22 

21-23 

16-18 

16-18 

14-16 

15-16 

i:i-14 

15-16 

12-15 

16-18 
18-24 
14-15 


16-18 
18-22 
16-18 
14-16 


14-16 
12-14 
1.V17 
18-22 
16-lb 


31-33 
37-39 


37-38       36-37 


28-30  I    30-33       28-30 


1891.        1892 


27-29 

32-34 

30-32 

2{>-27 

31-32 

2^30 

31-34 

37-39 

36-38 

30-33 

86-37 

35-36 

■28-30 

30-33 

28-30 

36-38  a>-S7  ! 

38-41  38^1 

37-38  I  36-38 

33-36  32-33 

80-33  30-32  , 

27-29  2&-27 


23-25  20-23 

•29-32  27-30 

28-29  2,'>-27 

22-25  20-23 


20-22  17-20 

16-19  14-16 

23-26  22-24 

20-23  18-22 

18-22  16-18 


24-27  22-26 

18-22  16-20 

1^-22  18-20 

17-18  16-17 


24-26  22-24 

21-2:J  19-21 

17-18  16-17 

15-17  14-16 

16-18  15-17 


20-24  20-22 
24-28  24-26 
l»-22       18-20 


20-24  20-22 

24-28  24-26 

20-22  18-20 

17--22  16-20 


19-22  18-'20 

16-19  14-16 

•20-24  18-21 

•24-27  21-24 

•20-*22  !  1^21 


Ornt*. 
31-33 
29-31 
36-37 
34-35 
28-31 


2»-30 
•27-29 
35-:i(i 
33-35 
2S-30 


34-36 
38-39 
35-37 
32-35 
30-31 
25-27 


]»-21 
26-29 
24-26 

lH-22 


16-18 
14-16 
20-22  I 
17-19  ' 
18-20 


22-24 
16-18 
18-20 
16-17 


•20-22 
18-20 
16-17 
14-16 
14-16 


20-22 
•23-24 
17-19 


17-21 
21-24 
18-20 
16-20 


17-20 
14-16 
18-'21 
•22-24 
18--21 


CfHtS. 

•28-30 
•27-2i» 
33-S5 
33-34 
•.28-$l 


•27-28 
•25-27 
33-34 
32-33 

28-30 


31-33 
3V37 
34-35 
30-33 
•26-2i 
26-27 


18-20 
•AV27 

24-a; 
18-a 


16-lH 
14-15 
19-22 
16-18 
17-a 


21-23 
1.V17 
17-19 
16-17 


21-22 
17-19 
1W6 
1»-15 
lUb 


18-» 
•20-24 
17-W 


17-20 
'20-'i4 
17-20 
15-18 


17-20 
14-16 

ij^-ao 

•22-24 

li^ao 
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Philadelphia  wool  prices^  1885-189^ — Continued. 
[Circular  of  Coates  Brothers.] 


Kinds  of  wool. 

lt»3. 

1894. 

1895. 

CnUs. 
17-19 
16-17 
19-20 
21-22 
18-19 

1(>-17 

15-16 
18-^20 
•20-'22 
17-18 

18-'20 
•20-^22 
•2*2-'23 
19-20 
16-18 
17-19 
10-17 

11-13 
16-17 
10-18 
15-16 

9-10 

6-  8 

1'2-13 

10-12 

11-12 

11-13 

i^lO 

10-12 

10-11 

12-13 

11-12 

9-10 

8-  9 

8-10 

10-12 
r2-14 
10-12 

9-11 
11-14 
11-13 

8-10 

0-10 

8-  9 

10-12 

12-14 

10-12 

1896. 

1897. 

Cents. 
21-23 
•20-21 
'£i,-'£i 
'2'2-23 
•20-22 

19-'20 
18-19 
•21-22 
•21--22 
20-21 

22-23 
2;J-24 
23-24 
'22-'23 
18-19 
19-^20 
18-19 

13-15 

17-18 
18-19 
17-18 

11-12 
10-11 
13-15 
13-14 
13-15 

12-15 

9-11 

12-15 

10-13 

13-15 
1-2-14 
11-13 
9-11 
10-12 

11-13 
13-15 
11-13 

11-13 

13-15 

12-14 

9-11 

11-12 
0-10 

12-n 

13-15 
12-13 

1 

1    1898. 

1 

1 

1899. 

(*n/«. 
■28-30 
'26-'28 
'29-30 

2^21 

23-25 

•22-23 
■28-30 
'28-*2J 
25-*26 

30-32 

30-31 
•29-30 
'26-*28 
'23-24 
'2-2-24 
'20-21 

17-20 
22-2:J 
21-*2;i 
19-20 

14-16 
1'2-lb 
17-19 
15-17 
15-16 

16-17 
1'2-13 
13-15 
12-13 

16-17 
14-16 
1*2-13 
10-12 

13-15 
15-17 
14-16 

12-14 
17-18 
15-16 
11-13 

14-15 
12-13 
1.5-17 
17-18 
14-15 

1900. 

OHIO,  FKSyeYLVANlA,  AND  WEST 
\1BGINIA,  WASHED. 

XX  and  above 

Omts. 
25-26 
24-25 
27-28 
26-27 
24-25 

23-25 
•22-23 

26-26 
•24-25 

25-27 
28-30 
'27-28 
25-'26 
21-23 
20-21 
18-'20 

15-18 
20--22 
19-20 
17-18 

ia-15 

11-12 

16-18 
14-16 
14-17 

16-19 
12-14 
14-16 
13-14 

16-18 
14-16 
1-2-13 
11-12 
10-12 

15-17 
17-20 
lS-15 

14-16 

17-ao 

16-17 
1*2-14 

12-14 
10-12 
14-15 
16-18 
14-16 

CniU(. 
•20-21 
18-'20 
•.«)-'22 
20-2:? 
18-19 

18-20 
16-18 
•20-21 
•20-22 
18-19 

20-22 
•21-^23 
'22-23 
•20-21 
17-18 
17-19 
16-17 

10-13 
14-16 
16-17 
14-16 

8-10 

6-  8 

11-13 

10-12 

11-12 

11-13 

7-10 

12-13 

11-12 

12-13 

11-12 

10-12 

8-10 

9-10 

10-12 
11-13 
10-11 

8-10 
10-12 
10-12 

6-  8 

7-  9 

6-  8 

K-10 

10-12 

10-12 

17-19 
16-17 
18-19 
18-19 
17-18 

16-17 
1.V16 
17-19 
17-19 
16-18 

18-20 
19-20 
19-20 
lH-19 
15-16 
16-16 
14-15 

10-12 
14-15 
14-15 
13-14 

8-10 

6-  8 
11-13 
10-12 
11-13 

11-13 

8-10 
10-12 
10-11 

11-13 
10-12 
10-11 

7-  9 
7-  9 

9-11 
11-12 
10-11 

8-10 

10-12 

9-10 

6-  8 

8-10 

6-  8 

9-11 

11-13 

y-10 

1 

Caiis. 
28-30 

28-;W 
•28-30 
•24-25 

25-26 

•27-'29 
27-^29 
23-25 

29-30 

29-.i0 

•28-30 

•2.V'27  ' 

'22-'23 

22-^23 

•20-21 

18-'20 
21-23 
21-'22 
19-^20 

14-16 
1*2-13 
17-18 
14-16 
14-15 

15-16 
12-13 
14-15 
r2-13 

15-16 
14-16 
1'2-13 
10-12 
1*2-13 

1'2-13 
14-15 
13-14 

12-13 
15-16 
14-15 
11-13 

1*2-13 
10-11 
14-15 
K>-17 
13-14 

C€7ltS. 

2H-30 

X 

•27-'28 

Medium 

30-32 

Quarter  blood 

30-32 

CoQiinon 

27-28 

MEW  TOBK,  MICHIGAN,  AND  INDIANA, 
WASHED. 

XX 

24-25 

X 

*23-'24 

Mediam 

30-31 

<iuaru?r  blood  .x.. 

30-31 

Common 

*27-28 

COMBINO  AND  DELAINE  FLEECE. 

Washed  fine  delaine 

30-32 

Washed  medium 

31-33 

Washed  low 

31-33 

Washed  coarse 

*2^:K) 

Unwashed  medium 

Unwashed  Quarter  blood 

'24-'25 

•24--25 

Uawsahed  braid 

20-*21 

UGHT  AND  BRIGHT,  UNWASHED. 

Rne 

17-19 

'25^24 

Uuarter  blood. 

'23-'24 

17-20 

Wght  finp 

15-17 

Hftivv  fine 

Medium 

•20^*22 

Pllift    medium    ...x-^r-- rrrx 

16-'20 

Coane 

16-18 

COLOBADO,  UNWASHED. 

Medium  and  fine,  choice 

16-'20 

r2-14 

Common 

15- 1 6 

14-16 

16-19 

I*&rtlY  imDroved.  liirht 

15-17 

Coarse,  carpet,  likht 

14-15 

Coarse,  carpet,  heavy 

r2-14 

Black 

13-16 

TEXAS,  UNWASHED. 

Rne,  12  montlis 

15-17 

Medium,  12  montlis 

15-20 

Coarse,  12  months 

14-16 

Kne  bright 

16-18 

Medium  bright 

18-'20 

Coarse  bright 

16-18 

Darlt  colored,  heavy 

14-16 

VTAH  AND  WYOMING,  UNWASHED. 

light  flne 

16-17 

Heavy  fine 

14-15 

Pine  mMiiiim ^ 

17-^20 

Selected  medium 

•20-21 

Low 

16-18 

42  SHEEP   AND   WOOL. 

The  decline  in  the  wholesale  price  of  Texas  medium  from  24-26  in 
1890  to  11-12  in  1896  was  a  discoui-aging  fall,  but  the  drop  in  farm 
prices  of  this  highest  quality  of  Texas  wool  from  23  to  9  cents  was 
ruinous.  The  farm  prices  of  the  lowest  grades,  not  given  in  this  table, 
were  scarcely  lialf  as  much. 

The  Montana  wools,  at  the  lowest  point,  ai'e  quoted  in  the  lower 
grades  at  6-8  cents,  and  the  new  Mexican  at  7-9.  These  figures  meant 
4  to  5  cents  to  the  growers. 

In  these  quotations  Ohio  medium  is  recorded  at  38-40  cents  in  1887 
and  1889,  with  somewhat  lower  prices  in  other  years,  feeling  the  com- 
petition with  Australian  skirted  wools  after  1890,  and  quoted  in  1892 
at  33-35.  Then,  owing,  doubtless,  to  the  expectation  of  free  wool,  the 
price  fell  to  27-28  in  1893,  20-22  in  1894,  1^20  in  1896,  and  18-19  in 
1896.  In  1897  it  rose  to  22-23,  in  1898  to  28-30,  in  1899  to  21)-30, 
reaching  the  highest  point  of  recoveiy  in  Januaiy,  1900 — 35-38  cents. 
It  I'cquired  three  years  to  clear  awa}'^  the  accumulation  of  foroigTi 
wool. 

Prices  recently  have  been  temporarily  depressed  by  the  slow  sales 
and  low  prices  in  London,  in  consequence  of  accumulations  of  stocks 
drawn  from  all  paits  of  the  world  by  the  high  prices  of  last  autumn 
and  winter.  There  is  great  activity  in  manufacture  in  all  manufactur- 
ing countries,  and  while  the  production  of  wool  is  increasing,  there  is 
an  admitted  scarcity  of  fine  wools,  which  must  tell  favoi'ably  on  future 
prices. 

PERIODS  OF  DECLINE   AND  REVIVAL. 

Sheep  husbandly  is  an  industiy  peculiarly  sensitive  to  influences 
either  adverse  or  favorable.  Early  in  the  present  century,  when 
importations  of  the  Spanish  Merino  elicited  general  interest,  and  in 
the  period  of  the  war  of  1812,  when  clothing  supplies  were  dependent 
on  domestic  manufactures,  speculation  was  rife  and  prices  were  high, 
record  being  made  up  to  $1,000  for  a  single  individual  for  bi^eeding 
purposes.  Woolgrowing  became  a  ci'aze  in  New  York,  Massachusetts, 
and  Vemiont,  and  excited  much  attention  in  other  States  as  far  south 
as  Maryland  and  Virginia. 

The  manufactures  of  those  days  were  mostly  domestic  or  household 
products.  England  furnished  nearly  all  of  the  supplies  that  were  not 
homespun.  At  the  beginning  of  the  war  of  1812  duties  were  ncces* 
sarily  luised.  The  effect  was  a  prompt  and  potent  stimulus  to  home 
manufactures.  But  in  1816,  after  the  war,  duties  were  reduced  with- 
out foreseeing  the  disastrous  results  which  followed.  The  market  was 
soon  overburdened  with  foreign  goods,  prices  fell  heavily,  and  the 
manufacture  of  wool  nearly  ceased.  It  was  at  this  time  that  Ix>rd 
Brougham  is  reportc^d  as  saying  that  ''  it  is  well  worth  while  to  incur 
a  loss  upon  the  first  importations,  in  order  by  the  glut  to  stifle  in  the 


SHEEP    AND   WOOL.  48 

cradle  those  rising  manufactures  in  the  United  States  which  the  war 
has  forced  into  existence  contrary  to  the  natural  course  of  things." 

For  eight  j^ears  there  was  little  progress  in  manufac»ture  and  small 
encouragement  to  woolgrowing.  Sheep  were  few  and  neglected. 
Business  was  paralyzed,  distress  general  and  severe.  Under  the  tariff 
of  1816  not  only  was  wool  manufacture  stranded,  but  earthenware 
making  disappeared,  glass  factories  were  blown  out,  and  iron  manu- 
facture diminished  yearly.  Losses  greater  than  those  of  the  war  were 
impoverishing  the  country.  Henry  Clay  referred  to  this  period  as  the 
time  of  the  most  widespread  dismay  and  desolation  since  the  adoption 
of  the  Constitution. 

After  the  tariff  of  1824  woolgrowing  and  its  manufacture  revived, 
sheep  increased,  and  in  1830  a  promising  start  had  been  made  and  the 
value  of  manufactured  goods  was  ^14,528,166.  During  this  decade 
only  8,000,000  pounds  of  foreign,  added  to  the  domestic,  wool  was 
manufactured  annually.  The  wool  manufacture  continued  to  increase 
until  1833,  the  woolgrowei-s  prospered,  and  the  gloom  and  distress  of 
the  former  period  were  followed  by  industrial  activity  and  great 
prosperity. 

Then  came  another  period  of  discouragement  to  woolgrowers.  The 
compromise  act  of  1833  provided  for  a  gradual  reduction  of  duties 
till  1842,  to  1x3  succeeded  by  a  uniform  duty  of  20  per  cent.  In  four 
years  of  decline,  intensified  each  year,  wool  manufacture  was  again 
prostrated,  and  with  it  the  industries  of  the  country,  in  a  financial 
panic  the  severest  in  some  respects  ever  known  in  the  history  of  the 
country. 

When  1842  came  in,  instead  of  the  proposed  moderate  revenue 
duty,  a  protective  enactment  insured  a  new  era  of  prasperity  to  both 
branches  of  the  wool  interest,  to  l)c  again  prostrated  by  a  reduction  in 
1840,  which  caused  the  closing  of  many  factories  within   the  next 
two  years  and  further  discouragement  to  woolgrowing.     In  the  years 
following,  a  period  of  stirring  events,  the  finding  of  gold  in  California, 
the  great  development  of  gold  and  silver  mining,  the  Crimean  war, 
the  growing  demand  for  cotton  throughout  the  world,  were  l)oom 
rfements,  causing  activity  and  growth  in  many  lincH;  yet  wool  manu- 
factui-e  languished,  growing  feebly  with  the  demands  of  a  rapidly 
increasing  population,  till  the  enactment  of  the  Morrill  tariff  in  1801 
and  the  ei-a  of  enonnous  war  demand,  which  in  four  years  doubled 
the  manufactui'e,  increasing  the  wool  consumption  in  factories  from 
^),000,000  to  160,000,000  pounds.     Partial  mill  returns  in  1804  made 
a  total  of  120,000,000  pounds,  and  further  investigation  gave  a  rea- 
sonable assurance  of  40,000,000  more.     For  the  four  years  there  is 
a  statistical  showing  of  the  Department  of  Agriculture  of  an  avei-age 
^ool  supply  of  145,000,000  jwunds  per  annum. 
In  eight  3'eai>j  the  numb<M'  of  sheep  was  almost  and  the  amount  of 
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wool  fully  doubled.     This  showed  the  marvelous  possibilities  of  Amer- 
ican woolgrowing  under  favoi'able  circumstances. 

It  was  a  very  remarkable  exhibit  of  these  possibilities  that  under 
the  unusual  exigencies  of  that  period  creating  an  extraordinary  demand 
for  woolens,  which  was  greatly  increased  by  the  wastes  of  war,  theae 
demands  were  met  by  home  manufacture  with  a  smaller  importation 
per  capita  than  in  the  preceding  decade  of  low  prices  and  universal 
peace.  Wool  imports  increased  from  31,638,000  pounds  in  1861  to 
67,917,031  in  1865.  The  average  price  advanced  from  13.7  cents  in 
the  foiTOer  year  to  17.6  in  1866,  but  fell  in  1867  to  13.8,  causing  a 
marked  increase  in  quantity  imported.  Flocks  were  enlarged  as 
mpidly  as  possible,  but  the  increase  in  wool  was  relatively  larger 
than  in  sheep,  resulting  from  the  use  of  heavy  wooled  Merino  sires  in 
the  flocks  of  Texas,  New  Mexico,  California,  and  the  Rocky  Mountain 
range  countiy. 

In  the  war  period  new  branches  of  textile  fabrication  were  intro- 
duced or  greatly  extended,  including  the  manufacture  of  tine  worsted 
goods  for  ladies,  new  styles  of  fancy  cassimeres,  carpets,  and  other 
textiles,  and  the  prices  of  some  were  actually  cheapened  by  the 
home  competition  with  what  had  been  a  foreign  monopoly.  Greater 
progress  was  made  in  respect  to  quality  and  variety  of  goods  than  for 
twenty  years  prior  to  1860. 

This  period  was  one  of  remarkable  development  of  woolgrowing 
and  wool  manufacture  throughout  the  world.  It  was  not  alone  the 
demand  for  goods  caused  by  the  civil  war  in  this  countrj',  but  the 
arrest  of  cotton  growing  and  the  blockade  which  hindered  the  ship- 
ment of  the  little  that  was  grown,  which  caused  a  dearth  of  cotton, 
that  alaniied  the  commercial  world  and  stimulated  the  production  of 
woolen  goods  to  take  the  place  of  cotton.  The  increase  in  the  average 
price  of  wool  imports,  28  per  cent  in  five  years,  indicates  the  sudden 
enlargement  of  woolen  manufacture  throughout  the  world.  The 
exports  of  British  manufactures  of  wool  increased  in  these  five  years 
from  £14,444,774  to  £25,251,889,  a  total  greater  than  that  of  the 
exports  twenty  years  later.  The  wool  imports  of  Great  Britain  nearly 
doubled  in  the  same  time.  The  industry  in  France,  Germany,  and 
other  countries  was  similarly  stimulated,  and  prices  of  the  raw  mate- 
rial and  of  the  goods  were  similarly  advanced. 

After  the  close  of  the  war,  as  cotton  growing  began  to  assume 
importance  again,  the  boom  in  wool  showed  signs  of  decline.  The 
wool  supply,  which  had  been  so  greatl}''  enlarged  in  Australia,  South 
Africa,  South  America,  and  North  America,  and  even  in  Europe,  was 
now  in  excess  of  the  demand,  and  in  18(55  the  average  price  of  our  wool 
imports  was  reduced  to  the  level  of  1861.  Abroad  prices  were  falling 
in  the  expectation  that  cotton  growing  would  promptly  occupy  its 

•mer  position;  in  this  country  they  were  further  reduced  by  the 
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decline  of  the  gold  premium.  Our  woolgrowers,  who  had  been 
elated  by  the  unaccustomed  prosperity  of  the  recent  pa^t,  began  to 
succumb  to  despondency,  which  affected  first  the  flock  owners  east  of 
the  Missouri,  inducing  migration  to  the  great  i-anges  and  a  free  move- 
ment to  city  markets.  This  discouragement  gradually  deepened  until 
1868,  when  panic  seized  the  woolgrowers,  and  the  slaughter  of  the  flocks, 
et»pecially  the  culls  and  lower  grades,  for  the  pelts  and  tallow,  com- 
menced in  the  great  woolgrowing  centers  at  improvised  slaughtering 
and  rendering  establishments,  which  paid  75  cents  to  $1.50  each.  The 
'* hams''  of  the  best  were  saved  and  salted  for  use  as  mutton.  This 
destruction  was  more  general  in  Ohio  than  elsewhere.  In  the  princi- 
pal woolgrowing  counties  the  reductions  were  from  10,000  to  40,000; 
in  Michigan  and  other  States  slaughtering  was  also  active.  The  assess- 
ors' returns  in  Ohio  in  1868  showed  a  reduction  of  1,849,855,  and  in 
the  two  following  years  a  loss  of  1,969,736  more.  The  total  decrease 
in  Ohio  in  three  years,  from  7,622,495  to  4,309,904,  was  43  per  cent. 
The  total  reduction  in  the  United  States  in  1868  was  4,500,000,  accord- 
ing to  published  estimates  of  the  Department  of  Agriculture. 

The  Department's  review  of  the  condition  of  farm  animals  in  April, 
1869,  refl.ected  the  demoralization  which  had  befallen  the  industry.  It 
shows  the  great  injury  from  neglect  and  disease  which  invariably  results 
from  discouragement  at  such  a  time  of  panic,  as  follows:  ''The  wool 
business  has  been  comparatively  unprofitable  of  late,  and  the  inevi- 
table i*esult  is  neglect,  short  commons,  a  supply  of  moldy  ha}'^,  and  the 
roughest  treatment,  in  too  many  instances  resulting  in  leanness,  weak- 
ness, and  insidious  approaches  of  disease.  Whei'e  they  have  been 
suitably  cared  for  they  are  healthy,  and  as  Merinos  are  in  pres- 
ent disfavor,  disease  is  mainly  among  flocks  of  that  breed.  Were  it 
not  for  the  cutting  process  by  which  millions  of  the  poorest  have  been 
remorselessly  slaughtered  for  their  pelts  and  the  small  modicum  of 
fat  that  could  be  drained  by  hydraulic  pressure  from  their  juiceless 
carcasses,  the  ravages  of  disease  would  have  proved  far  greater." 

One  of  the  "  last  straws"  that  burdened  the  markets  and  helped  to 
break  them  down  was  the  sale  by  Q.  M.  Gen.  M.  C.  Meigs,  in  the 
fiscal  years  1866  to  1871,  inclusive,  of  an  immense  surplus  of  military 
clothing.  It  included  2,218,917  overcoats,  802,419  blankets,  853,887 
pantaloons,  359,253  sack  coats,  427,729  jackets,  639,569  felt  and  other 
hats,  404,006  flannel  and  other  shirts,  104,903  yards  flannel,  152,951 
yards  kersey,  60,791  yards  dark  blue  cloth,  216,380  pairs  stockings? 
and  other  clothing  material.  There  were  overcoats  alone  enough  to 
supply  a  third  of  all  the  voters  in  the  countr3\  This,  in  addition  to  the 
glut  of  commercial  stocks  of  woolens,  could  not  fail  to  produce  a  very 
disastrous  result. 

The  estimates  of  sheep  and  wool,  as  stated  approximately  in  round 
numbers  in  response  to  a  resolution  of  the  United  States  Senate,  for 
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ten  ycai'H  commencing  with  the  first  cnumcmtion  after  the  ctommcDce- 
ment  of  the  war,  with  the  fleece  wool,  not  including  the  pulled  wool 
from  sheep  slaughtered  which  was  considerable  in  the  later  years  of 
this  period,  are  as  follows: 

EatimcUcd  number  of  sheep  and  itrwluct  of  irool  in  the  IhiUed  StaUitt  1863-1871. 


Year. 


IH62 

\>m 

186-1 
1865 
1806 


Sheep. 


24,000,000 
28,000,000 
31,000.000 
86,000,000 
38,000,000 


Wool. 


Year. 


PoundB. 
67,000,000 
82,000,000 
95.000,000 
115,000,000 
135,000,000 


1867 
1868 
1869 
1870 
1871 


Sheep. 

Wool. 

42,000,000 
41,500,000 
37,000.000 
34,000,000 
32,000,000 

AHCJMb. 

147,000,000 
155.000.000 
143, 000,  CW 
135.000.0OC 
138,000,000    * 

These  figures  cover  the  fluctuations  of  periods  of  prosperity  and 
adversity  in  wool  production  which  affected  profoundly  this  industry 
in  all  parts  of  the  world,  and  the  causes  had  their  origin  mainly  in 
conditions  prevailing  in  this  country. 

TABIFF  CHANGES  AND  THEIR   EFFECTS. 

It  was  during  this  period  of  depression,  before  its  culmination,  that 
the  tariff  of  1867  was  enacted.  The  question  has  been  asked,  why  it 
did  not  avert  the  disaster.  The  fact  is  that  it  was  too  late.  The  mis- 
chief had  been  already  done.  As  early  as  1865  the  imports  of  manu- 
factured wools,  more  than  double  the  requirements  of  demand,  began 
to  glut  the  markets.  Prices  wei"e  falling  throughout  the  world.  But 
that  enactment  opened  a  new  era  of  prosperity  for  woolgrowing,  after 
the  glut  of  goods  had  been  absorbed,  in  which  flocks  increased  60  per 
cent  in  thirteen  years  and  the  wool  product  100  per  cent — the  number 
of  sheep,  60,626,626  in  1884,  being  larger  than  at  any  other  time  in 
the  history  of  American  woolgrowing. 

In  1883  there  was  a  slight  change  in  the  tariff,  and  in  years  follow- 
ing revenue  decisions  liberal  to  im|X)rters,  which  tended  to  discour- 
agement of  woolgrowers  and  a  decrease  of  flocks,  reducing  the  num- 
bers in  five  3'ears  about  eight  millions,  from  50,626,626  to  42,579,079. 
Values  were  highest  in  1883,  before  the  tariff  enactment,  $2.57,  and 
lowest  in  January,  1886,  but  not  increasing  materially  until  the  enact- 
ment of  the  McKinley  law.  The  decrease  in  numbera  was  16  per 
cent,  and  in  price  24  per  cent.  An  expectation  of  tariff  revision 
prevented  further  sacrifice  of  flocks. 

A  new  era  of  prosperity  commenced  in  1890.  In  four  j^ears  the 
number  of  sheep  increased  to  47,851,000,  or  11  per  cent,  from  1889, 
and  the  fann  value  advanced  in  January,  1893,  to  $2.66,  the  highest 
value  for  eighteen  years,  since  1875. 

In  1894  was  enacted  a  law  making  wool  absolutely  free,  as  well  as 
all  forms  of  shoddy  and  waste  materials  used  in  adulteration.     The 
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effect  wa8  instantaneouH.  Prices  of  wool  and  of  sheep  declined,  result- 
ing in  destruction  of  flocks  and  indifference  and  neglect  in  their  care. 
The  law  of  1897  followed,  restoring  customs  duties  on  wool.  The 
effect  of  this  act  has  been  to  restore  confidence  in  the  future  of  wool- 
growing  and  a  larger  degree  of  prosperity,  though  the  enormous 
accumulation  of  foreign  wool  has  retarded  manufacture  and  sale  until 
quite  recently.  For  two  years  the  mill  stocks  and  wool  markets  were 
weighted  down  with  foreign  wool.  Estimates  of  the  trnde  authorities 
made  the  supply  in  January,  1900,  250,000,000  pounds  less  than  in  the 
preceding  January.  Consumption  has  been  unprecedented  and  manu- 
facture extremely  active. 

The  value  of  sheep  is  nearly  doubled.  The  Department  estimate  of 
average  value  in  January,  1895,  was  $1.58  per  head,  and  last  January, 
(2.93.  The  increase  in  the  price  of  wool  is  strikingly  indicated  by  a 
diagram  (fig.  1)  prepared  by  Justice,  Bateman  &  Co.,  showing  the 
London  value  of  American  wool,  with  American  prices  of  the  same 
grade,  and  London  value  of  similar  Australian  wool,  from  1892  to  1900, 
the  depression  of  the  free-trade  period,  and  the  subsequent  recovery 
under  present  law. 

It  appears  that  XX  Ohio,  which  was  worth  18  cents  in  London  in 
1897,  when  the  Dingley  bill  was  passed,  rose  to^3i  cents  in  the  United 
States,  though  our  markets  were  burdened  with  an  enormous  supply 
of  foreign  wool  bought  on  a  free- wool  basis;  and  the  next  year,  when 
a  relief  from  this  handicap  had  barely  commenced,  it  was  worth  29 
cents  here  and  19i  cents  in  London.  Since  then  there  has  been  a  great 
boom  in  foreign  wool,  which  sent  prices  up  temporarily,  and  in  1899 
XX  Ohio  ran  in  London  to  25i  cents  and  was  29i  cents  hero;  but  the 
collapse  of  the  London  boom  has  brought  the  price  down  to  22i,  while 
it  is  here  31  cents,  or  5  per  cent  above  the  average  of  last  year.  The 
London  decline,  both  of  XX  Ohio  and  of  scoured  Botany  Tops,  is  12 
per  cent  below  the  average  of  last  year's  prices. 

The  diagram  shows  in  XX  Ohio  a  comparatively  slight  fluctuation 
in  London  between  1892  and  1897,  but  in  this  country  a  fearful  fall, 
29^  to  17i  cents,  where  it  remained  with  slight  change  for  three  fate- 
ful years,  at  the  bottom  of  a  depression  which  was  a  veritable  slough 
of  despond  to  the  American  woolgrower.  The  recovery  under  the 
present  law,  shown  in  a  line  almost  vertical,  is  as  sudden  as  the  fall 
was  precipitate. 

The  effect  of  the  law  of  1894  on  manufacturers  was  scarcely  less 
injurious  than  upon  woolgrowers.  They  were  not  subjected  to  free 
goods,  but  were  exposed  to  a  competition,  under  a  reduced  rate  of  duty, 
which  they  could  not  withstand,  flooding  the  country,  stopping  sales, 
first  exhausting  profits,  then  reducing  wages,  and  finally  shutting  down 
mills. 
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Most  of  the  manufacturers  knew  that  fi'ee  wool,  under  existing 

conditions,  would  prove  inimical  to  their  prosperity,  though  a  few 

desired  it.  One  of  those,  after  a  sad  experience  with  the  law  of  1894, 
sajs: 

We  as  well  as  others  thought  this  Wilson  bill  woald  be  a  godsend  to  all  inter- 
ested in  the  woolen  line,  but  we  have  had  the  experience,  and  a  good  lesson  it  has 
been  to  us,  and  one  that  we  are  not  likely  to  forget  as  long  as  we  live. 

Those  who  favored  free  wool  and  woolens  have  claimed  that  manu- 
facturers, with  the  markets  of  the  world  in  which  to  select  their  raw 
material,  could  make  better  goods,  supply  the  country,  export  freely 
to  other  nations,  and  achieve  a  wonderful  prosperity.  Every  one  of 
these  claims  has  been  signally  disproved  by  the  experiences  of 
18^-1897. 

It  is  no  boast  to  say  that  there  are  no  stronger  or  more  serviceable 
wools  in  the  world  than  those  of  the  United  States.  They  are  wools 
of  a  temperate  climate  and  of  a  progressive  agriculture,  and  not  from 
flocks  of  the  torrid  zones,  neglected  in  breeding  and  care;  they  are 
from  sheep  bred  toward  the  most  approved  types  of  clothing  and 
combing  wools.  All  the  families  of  Merinos  and  all  the  improved 
English  mutton  breeds  are  represented.  No  European  country  has 
such  a  variety  of  wools  as  America,  and  none  a  superior  average  qual- 
ity. Excepting  Europe,  the  British  colonies,  and  the  Plata  River 
region,  all  other  countries  grow  wools  distinctly  and  greatly  inferior 
to  ours.  If  we  must  depend  on  the  wools  of  foreign  countries  we 
must  be  subject  to  competitive  buying  by  England  and  other  countries, 
under  a  serious  handicap  of  trade  and  transportation  advantages;  must 
take  what  we  can  get;  and  a  large  portion  must  be  the  harsh  and  weak 
fiber  of  hot  climates  and  that  of  neglected  and  poorly  fed  flocks — kempy , 
burry,  and  dirty.  Is  this  a  condition  for  securing  better  wool  or 
better  cloth? 

Australian  wools  are  popular,  but  their  Merino  blood  came  from 
Germany  and  America  (Vennont  and  New  York),  and  their  Lincoln- 
shire crosses  furnish  a  lustrous  article,  very  desirable  for  certain  fab- 
rics. The  climate,  with  its  torrid  seasons  of  drought  and  destruction, 
18  unfavorable  for  evenness  and  strength  of  fiber,  and  such  wools  are 
not  equal  in  integrity  and  durability  to  our  Merino. 

While  admitting  the  preference  of  fashion  in  ceilain  fabrics,  it  is 
undeniable  that  the  riddance  of  dirt  and  inferior  portions  of  the  fleece 
by  skirting,  and  the  smaller  shrinkage  resulting  in  part  from  this 
practice,  gives  most  of  the  superior  selling  price  of  this  wool  in  the 
markets.  It  is  true  that  the  manufacturer  naturally  likes  unlimited 
range  for  selection,  and  truer  still  that  price  advantage — cheapness — is 
a  factor  of  more  controlling  influence  than  any  other  in  the  selection 
and  blending  of  material  and  fabric  modification.  Under  the  exigency 
4947— No.  66 4 
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of  scarcity  and  deamess,  even  a  carding  wool  has  been  made  a  comb- 
ing wool,  requiring  invention  and  adaptation  of  machinery  to  aid  in  the 
transposition,  so  that  now  a  considerable  portion  of  the  worsted  man- 
ufacture is  from  the  Merino  instead  of  the  mutton  bi-eeds.  In  all  the 
kaleidoscopic  changes  of  style  and  admixture  of  material,  it  is  by  do 
means  fashion  that  is  the  only  or  main  consideration,  but  relative 

economv. 

The  law  of  1894,  instead  of  bettering  the  quality  of  the  supply  of 
woolens,  degraded  it  to  a  condition  never  before  existing,  preiapita- 
ting  an  era  of  shoddy.  Mr.  S.  N.  D.  North,  the  secretaiy  of  the  Wool 
Manufacturers'  Association,  testified  before  the  Ways  and  Means 
Committee,  in  January,  1897: 

There  has  been  more  shoddy  used  in  American  goods  in  the  year  just  paBsetl  than 
ever  before,  and  more  shoddy,  mungo,  and  miscellaneous  refuse  oontaiuetl  in  the 
goods  imported  in  that  year  than  have  come  into  the  United  States  in  any  previous 
twenty-five  years. 

And  he  said  further,  that  nothing  could  be  more  certain,  if  condi- 
tions which  introduced  them  should  continue,  than  that  the  American 
manufacturer  must  meet  them  by  the  use  of  similar  materials.  He 
showed  a  piece  of  cloth,  ingeniously  fabricated  to  look  like  honest 
goods,  in  which  there  was  not  a  particle  of  new  wool,  but  which  was 
made  from  the  vilest  of  shoddy,  and  sold  at  a  profit  at  less  per  yard 
than  the  market  price  of  a  pound  of  clean  wool.  In  the  testimony 
of  one  of  the  dealers  in  "woolen  rags"  it  was  admitted  that  some  of 
this  stuflp  was  imported  in  a  "condition  decidedly  oflPensive,  and  a 
great  menace  to  the  health  of  the  community." 

American  shoddy  from  tailors'  clippings  and  clean  i-ags  is  a  decent 
article  compared  with  the  lowest  class  of  European  material,  known 
as  mungo,  which  comes  from  cloth  which  may  be  first  worn  by  a  fa4«- 
tidious  gentleman,  who  sells  it  to  a  secondhand  dealer,  to  be  next  worn 
by  a  clerk  or  mechanic,  then  by  a  laborer,  a  tramp,  or  beggar,  in  its 
descent  to  the  gutter,  saturated  with  filth  and  germs  of  diseswes  and 
half  rotten,  thence  to  be  resurrected,  washed,  treated  with  chemicals, 
and  run  through  disintegrating  machinery  to  appear  as  "mungo," 
selling  at  less  than  a  cent  per  pound,  and  put  into  goods  selling  at  a 
shilling  per  yard,  and  offered  to  American  citizens  as  a  boon  to  the 
poor  man  and  a  blessing  to  the  clothing  buyer  of  small  means. 

The  figures  of  the  United  States  Treasury  recoi'd  of  impoits  are 
eloquent  in  portraying  the  inundation  of  foreign  shoddy  and  shoddy 
goods,  during  the  period  covered  by  the  law  of  1894.  The  rags  and 
various  wastes  imported  under  the  two  laws  are  thus  compared: 
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Amount  ami  value,  of  mwlen  vngs^  shoddy j  mnngo^  etc.,  imporU'd  itUa  the  Untied  Stat&ty 

189J-1900,  by  ihree-ifcur  jK'riodn. 


Ye*r  ended  June  30— 

Law  or  1890. 

I^wu 

£1894. 
Value. 

U\yf  of  1897. 

Amount. 

Value. 

Amount. 

.\  mount. 

Val.uc. 

1P92 

Pmindt. 
262.992 
333,376 
143,002 

«87,825 

106,596 

47,522 

PwindM. 

Pmmds. 

li«» 

W94 

1896 

14,066,054 
18, 761. 109 
49.413.642 

$1,980,' 464 
2, 651, 237 
6.  W^  e,5A 

1896 

1897 

1896 

3,298,751 
314,510 
435.854 

1697.622 
70.224 

86,887 

M99 

190O 

1 

1 

■ 

A  verasrp ^ 

246,456 

80,647 

27.560.268        a  KM  7Hfi        1  !UQ  71«> 

2iM,911 

-1  "—1  ■  •-' 

The  law  of  1894  went  into  eflPect  August  1  of  that  year,  so  there 
were  only  eleven  months  of  imports  of  the  tisenl  year  ended  June  30, 
1895;  and  as  the  law  of  1897  went  into  effect  as  to  shoddy  January  1, 
1898,  the  record  of  3,298,751  pounds  of  shoddy  included  nearly  six 
months'  imports  under  the  law  of  1894,  nearly  all  of  it. 

The  figures  of  the  Treasury  show  an  importation  of  shoddy  of  about 
118,000,000  pounds  in  thirty  years,  nearly  three-fourths  of  which,  or 
about  85,000,000  pounds,  was  received  in  this  period  of  a  little  more 
than  three  years.     Thus  an  annual  average  of  nearly  twenty  times  as 
much  was  received  in   the  free-shoddy  period.     In  addition  to  the 
figures  given  above  those  of  the  two  preceding  decades  should  go  into 
this  record  to  facilitate  comparison.    As  manufacturers  reckon  1  pound 
of  cloth  equivalent  to  4  pounds  of  wool  in  the  grease,  and  1  pound  of 
shoddy  or  waste  (cleaned  with  very  small  loss  in  manufacture)  equiv- 
alent to  8  pounds  of  wool  in  the  grease,  it  will  be  seen  that  this 
85,000,000  pounds  of  shoddy  took  the  place  of  255,000,000  pounds  of 
domestic  wool,  or  nearly  one  year's  product. 

Ammttd  and  value  of  ivooleri  ragSf  gJioddify  mungOj  vumlCj  nnd  flucka  hnjKrrfed  into  the 

United  Stales,  1871-1890. 


Year  ended  June  30— 


1S71 
1S72 
1K73 
1W4 
1875 
1876 
1877 
187S 
1879 
1880 
ISSl. 


Amount. 

Value. 

1 

PmiwU. 

1,277,495 

«87,667 

2,719,246 

232,211 

1,989,12:1 

199,687 

1,783,677 

151,15*1 

1,387,731 

119,109 

243,527 

45,322 

169,925 

83,265 

95,886 

19,071 

92.614 

22, 121 

1,388,233 

297,196 

470,873 

138,363 

1 

Ywir  endcMl  June  30— 


1S82 

188;^ 

ISKI 

18N5 

1S8<) 

1887 

1888 

1889 

1890 

Total 


Amount. 


1,097,6-11 
974, 96;^ 
1,316,083 
700,231 
3.059,214 
4.834,636 
4,183,325 
8, 662, 209 
4,980,327 


Value. 


30,579,502 


I3.5S.386 

4;58. 750 

56-1, 6<^1 

287,2.'>1 

1,03().K<J9 

1,843,823 

1,719.154 

3,417,201 

2,052,078 


11, 886, 572 


The  theory  that  dear  wool  compelled  manufacturers  to  use  shoddy  and 
that  free  wool  would  obviate  its  use,  has  been  forever  destroyed  in  this 
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deluge  of  material  for  cloth  adulteration.     It  was  a  suiprise  to  the  theo- 
rists, but  it  is  thus  explained  in  the  bulletin  of  the  wool  manufacturers: 

So  long  as  our  manufacturers  did  not  have  to  compete  with  foreign  shoddy-made 
goods  the  tendency  was  rather  away  from  its  increased  use,  for  everj'  man's  goods 
found  and  held  a  market  on  their  merits.  Those  who  used  shoddy  did  so  at  their 
own  risk,  and  their  goods  passed  for  what  they  were.  When  the  Wilson  tariff 
remove<i  the  barrier  against  the  importation  of  shoddy  and  shoddy  goods  the  Bitoa- 
tion  changed  in  the  twinkling  of  an  eye.  More  shoddy  goods  are  made  in  England 
than  in  all  the  rest  of  the  world  put  together.  They  have  learned  there,  by  long 
experience,  the  art  of  utilizing  to  the  best  advantage  every  kind  of  refuse  that  comes 
from  rags  and  wastes.  Let  it  have  but  two  ends,  they  wull  find  a  way  to  spin  it 
These  were  the  goods,  among  other  varieties,  which  began  to  pour  into  the  United 
States  when  the  bars  were  let  down.  These  were  the  goods  with  which  American 
mills  had  at  once  to  compete.  In  order  to  compete  it  was  necessary  to  use  the  same 
kind  of  materials  they  use  at  Batley  and  Dewsbur>'.  Cheap  as  wool  was,  it  was  not 
cheap  enough  to  compete  with  English  and  continental  rags.  Deterioration  in  qual- 
ity has  been  the  distinguishing  result,  both  as  to  imported  and  domestic  woolens,  of 
the  tariff  of  1894. 

There  was  no  material  change  under  the  law  of  1894  in  the  quantity 
of  carpets,  ready-made  clothing,  or  yarns  imported.  The  sophistica- 
tion and  adulteration  of  our  clothing  supplies  naturally  came  through 
cloths,  and  the  abnormal  increase  was  in  this  class  and  in  women's 
dress  goods.  The  following  is  a  statement  of  the  number  of  square 
yards  and  value  of  cloths  imported  in  three-year  periods  under  differ- 
ent tariflfs: 

Amount  and  value  of  ivoolen  cloths  imjxtrtedj  1892-1900,  shaunng  effect  of  tariff  latr$. 


1892 
1893 
1894 
1895 

im\ 

1897 
1898 
1899 
1900 


Year  endcKj  June  30— 

Tiaw  of  1890. 

Law  of  18»L 

Law  of  1897. 

Amount. 

Value. 

Amount.  |     Value. 

Amount. 

Value. 

Yards. 

13,813,276 

18,206»001 

7,466,417 

$12,765,044 

16,117,564 

6,256,321 

Yards. 

Yards. 

1 

23,917,011  *16,298,169 
86,781,672     21,886,528 
27,859,311  1  17,007,273 

5,062.261 
4,092,898 
5,154,674 

13.965,577 

1 

3,909.4d6 

5,129,831 



1 

AveraKi' 

13,158,564 

11,546,309 

29,619,298     18,397,323 

4,769,944 

4.334,96K 

This  shows  that  the  average  annual  importation  of  13,158,5W 
pounds  was  increased  to  29,519,298  pounds,  an  incretise  of  about  133 
per  cent.  This  is  not  all,  nor  the  worst.  It  shows  the  degradation 
of  quality;  that  a  large  part  of  these  goods  were  mixtures  of  the 
lowest  order  of  waste,  for  notwithstanding  the  considerable  require- 
ment of  fine  cloths  for  the  higher  grades  of  fashionable  tailoring,  the 
mass  of  impoilation  for  the  wants  of  plain  people  was  of  so  low  a 
character  as  to  reduce  the  average  price  per  pound  for  good  and  bad 
cloths  from  about  88  cents  to  62  cents,  a  decrease  of  30  per  cent. 
These  are  the  prices  abroad,  and  they  indicate  the  degeneration  of 
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quality  of  the  clothing  supply.  Added  to  this  flood  of  foreign  goods, 
the  enormous  quantities  of ''  wastes''  al)ove  mentioned  kept  the  shoddy 
mills  in  activity  day  and  night,  swelling  the  stocks  of  worthless  goods 
and  forcing  the  manufacturers  of  honest  cloths  into  retirement.  In 
the  last  three  fiscal  ye^rs,  not  only  have  imports  of  woolen  cloths  fallen 
to  one-third  of  the  amounts  imported  under  the  act  of  1890,  but  the 
increase  in  value  per  yard  shows  the  improved  quality  of  the  goods 
imported. 

The  dress  goods  of  women  were  greatly  increased  in  quantity,  but 
they  were  reported  in  pounds,  while  under  the  law  of  1890  quantities 
were  stated  in  square  yards,  so  that  comparison  of  quantities  can  not 
be  made,  but  the  annual  avei*age  value  of  dress  goods  imports  was 
increased  from  $18,84(),250  to  $17,039,070,  a  large  increase,  but  not  at 
all  proportionate  to  that  of  cloths,  the  shoddy  element  not  being  so 
available  for  women's  dress  goods. 

The  total  value  of  imported  manufactures  of  wool  was  increased 
Tinder  the  law  of  1894,  notwithstanding  the  lower  value  of  inferior 
cloths,  from  an  average  of  $31,017,922  per  annum  to  $47,065,760. 

These  facts  effectually  refute  the  prophecy  of  a  better  clothing 
supply  from  free  wool,  and  disclose  a  demoralization  of  manufactures 
and  deterioration  of  goods  such  as  never  were  known  in  the  previous 
history  of  the  countr}'. 

The  prophecy  that  the  law  of  1894  would  result  in  a  full  domestic 
supply  of  American  manufacture,  and  an  export  trade  in  the  surplus, 
was  not  only  discredited  but  all  our  markets  w^ere  glutted  with  foreign 
goods.  The  value  of  annual  exports  of  all  domestic  manufactures  of 
wool  never  rose  to  $1,000,000  until  1898,  under  the  Dingley  tariff. 
The  predicted  prosperity  of  the  woolen  manufacturing  industry  as  the 
result  of  the  tariff  revision  of  1894  failed  to  materialize,  and  instead 
an  era  of  discouragement  and  disaster  set  in  unparalleled  in  its  history. 
Secretary  North  testified  of  it: 

During  a  great  part  of  this  pericxl  the  bulk  of  the  woolen  and  worsted  machinery 
of  the  country  lias  lxM?n  wholly  or  partially  idle;  much  of  the  remainder  has  made 
goods  that  have  either  been  marketed  at  a  loss  or  are  still  in  stot^k.  The  domestic 
market  for  woolen  goods  has  since  l)een  in  a  state  of  al>solute  demoralization. 

He  also  declared  that ''  we  have  in  the  United  States  enough  woolen 
naachineiy,  when  in  operation,  to  supply  all  the  goods  our  people  can 
consume." 

He  further  stated: 

The  removal  of  the  weight  duties  of  previous  tariffs  let  down  the  bars  to  the  impor- 
tation of  kinds  and  grades  of  cloth  hitherto  practically  excluded  from  this  country, 
**i  exclusion  greatly  to  the  advantage  of  our  own  people,  as  we  now  know\  The  ad 
^orem  basis  of  the  tariff  ha^  allowed  the  importation  of  the  lowest  and  meanest 
descriptions  of  goods  made  in  the  world — the  peculiar  products  of  the  Batley  and 
^wsbury  districts  in  England,  where  they  have  reduced  to  an  exact  science  the 
t)Q8ineH8  of  making  woolens  out  of  shoddy,  mungo,  wastes,  cows*  hair,  and  other 
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rubbish,  in  the  spinning  and  weaving  of  which  our  American  manufacturers  have 
not  yet  learned  the  rudiments,  although  it  is  clear  they  will  have  to  learn  them  if 
they  have  got  to  fight  these  gooiis  in  the  home  market.  Immense  quantitie:»  of 
these  goods  have  been  thrust  upon  this  market  under  the  present  law.  They  are 
admirably  manufactured,  considering  the  material  employed,  and  while  worthlea 
for  wear  are  particularly  attractive  and  deceptive  in  finish  and  appearance. 

There  never  was  a  more  total  failui*e  of  fulfillment  of  prophecy,  or 
a  more  complete  refutation  of  an  industrial  fallaciy,  than  that  fur- 
nished by  American  experience  with  free  wool. 

As  a  result  of  the  act  of  1894,  instead  of  50,000  moi-e  operatives, 
half  of  all  were  out  of  employment  in  1896,  with  a  great  and  disas- 
trous loss  of  wages.  The  demand  for  domestic  wool  was  reduced  as 
never  before,  and  prices  fell  more  than  half,  as  stacks  of  foreign 
wool  were  piled  up  in  importing  warehouses.  Wages,  instead  of 
increasing,  were  not  merely  reduced,  but  cut  off  totally  for  the  multi- 
tudes unemployed,  to  whom  employment  at  half  pa}^  was  better  than 
starvation. 

The  losses  inflicted  upon  capital  and  labor  during  the  industrial 
depression  of  these  three  years  were  enomious.  Capital  lost  its  profit 
first,  and  afterwards  principal,  with  shrinkage  of  values,  inability  to 
sell  products,  and  deterioration  of  idle  machinery.  Labor  lost  wages, 
means  of  living,  comfort,  and  health.  It  is  not  easy  to  calculate  the 
magnitude  of  these  losses  in  an  industry  which  by  the  census  of  1890 
had  attained  a  production  valued  at  over  $300,000,000  per  annum.  It 
not  only  affected  the  factory  population,  but  indirectly  every  industry 
of  the  country,  and  was  the  largest  factor  in  intensifying  the  depres- 
sion w^hich  reduced  all  values  of  real  and  personal  estate,  and,  with  few 
exceptions,  all  incomes  and  means  of  living.  In  the  full  measure  of 
their  extent  these  losses  were  incalculable  and  iri'epai'able. 

The  totjil  losses  of  this  period  of  three  years  in  the  matter  of  wool 
and  its  manufacture  alone  were  probably  greater  than  those  of  the 
Spanish  war  and  Philippine  rebellion  of  the  last  two  yean<;  but  its 
consequences  were  more  far-reaching  ''in  destroying  confidence  and 
markets,"  as  stated  in  1896,  in  the  Bulletin  of  Wool  Manufacturers,  so 
that  ''other  industries,  at  which  the  tariff  of  1894  struck  less  vin- 
dictively, have  suffered  and  are  suffering." 

THE   PRKSENT   CONDITION   OF   SHEEP   HUSBANDRY. 

The  flocks  of  the  United  States  do  not  aggregate  so  large  a  niunber 
of  sheep  as  in  1893,  or  in  1884,  but  they  are  increasing  rapidly,  and 
bid  fair  to  exceed  before  many  seasons  the  highest  former  figures. 
They  include  a  greater  variety  than  at  any  forlner  period.  If  manu- 
facturers desire  a  selection  from  all  the  wools  in  the  world,  they  can 
get  all  varieties  of  much  value  without  going  out  of  the  country. 
That  this  is  no  idle  boast  can  readily  be  proved  in  our  principal  wool 
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markets.     A  glanoe  at  the  registry  and  other  breed  associations  shown 
in  the  appendix  to  the  Yearbook  of  the  Department  of  Agriculture 
for  1899,  will  go  far  to  substantiate  the  same  fact.     There  are  the 
Standard   Merino  Registiy  Association,  the  Vermont  Atwood  Club 
Registry,  the  United  States  Merino  Sheep  Breeding  Registry  Associa- 
tion, the   Dickinson  Merino  Sheep  Record  Company,  the  American 
Merino    Sheep   Registry,   and    the   American    Shropshire   Registry 
Association.     Then  there  are  the  Vermont  Merino  Sheep  Breeding 
Association,  the  New  York  State  American  Merino  Sheep  Breeders' 
Association,  the  Ohio  Spanish  Merino  Sheep  Breeders'  Association, 
the  Michigan  Merino  Breeders'  Association,  the  National  Improved 
Saxony  Merino  Sheep  Breeders'  Association,  the  Black-Top  Spanish 
Merino  Sheep  Breeders'  Association,  the  Improved  Black-Top  Merino 
Sheep  Breedera'  Association,  the  Delaine  Merino  Sheep  Breeding 
Association,  the  Improved  Delaine  Merino  Sheep  Breeders'  Association, 
the  Pennsylvania  and  Ohio  Improved  Delaine  Sheep  Breeders'  Asso- 
ciation, and  the  American  Rambouillet  Sheep  Breeders'  Association; 
of  the  long  wools,  the  American  Cotswold  Association,  the  American 
Leicester   Breeders'    Association,   the  American    Lincoln   Breeders' 
Association,  the  National  Lincoln  Sheep  Breeders'  Association,  and  the 
National  Cheviot  Sheep  Association;  of  the  middle  and  short  wools 
the  various  Downs,  the  Southdown  Association,  the  Oxford  Down 
Association,  the  Suffolk  Association,  the  Dorset  Horn  Sheep  Breeders' 
Association  of  America,  and  the  Continental  Dorset  Club.     And  there 
are  others,  including  an  association  of  breeders  of  the  fat-tailed  Tunis 
sheep. 

In  collecting  the  wool  exhibit  for  the  Paris  Exposition  of  1900,  the 
writer  was  impressed  with  the  wonderful  progress  that  has  been  made 
in  diversification  of  breeds  and  qualities  of  wool.  The  same  skillful 
and  patient  work  that  resulted  in  the  differentiation  of  the  old  Spanish 
Merino,  giving  the  world  the  French,  Saxon,  Silesian,  and  American 
Merinoes,  has  been  continued  with  the  latter  in  the  Delaine  and  Black- 
Top  families  (or  breeds),  with  heavier  bodies,  longer  fiber,  and  moi-e 
valuable  fleece  for  the  finer  combing  fabrics  so  much  in  demand  for 
the  fashionable  tissues  for  ladies'  and  children's  wear.  The  Lincolns, 
that  have  played  so  important  a  part  in  the  recent  breeding  of  Aus- 
tralia and  South  America,  are  here  in  force  and  can  be  produced  in 
any  quantity  desired,  answering  the  demand  for  lustrous  combing 
wools. 

The  wool  exhibits  now  on  exhibition  at  Paris  include  samples  of 
nearly  all  breeds  and  grades  of  our  domestic  wool.  They  fill  twenty- 
one  sections,  each  covered  with  a  plate  glass  5  feet  in  height  by  3  in 
width.  Thirteen  of  these  show  whole  fleeces,  twelve  in  each,  from 
the  wool  dealers  in  the  two  great  markets,  Boston  and  Philadelphia, 
illustrating  the  various  qualities  and  commercial  classifications  of 
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American  wools.     Seven  section  cases  are  filled  with  samples  from 
breeders  of  nearly  all  the  breeds,  samples  of  eighty-four  fleeces  from 
the  farming  States,  the  mountain  ranges,  and  the  Pacific  coast*      More 
than  half  are  Merino,  but  the  several  Delaine  breeds  outnumber  the 
original  American  Merinos,  illustrating  the  present  popularity  and 
general  distribution  of  the  long-fiber  combing- wool  types,  of  which 
the  Standard  Delaines  are  the  most  numerous,  representing  breeding 
flocks  in  Ohio  and  Texas,  one  of  the  latter  a  fleece  from  a  2-year-old, 
weighing  24i  pounds,  from  W.  S.  Beck,  of  Coleman,   Tex.     The 
National  Delaine  exhibits  are  from  Pennsylvania  and  Ohio,  the  fleeces 
being  quite  uniform  in  weight — from  15  to  17  pounds — one  fleece, 
from  Mr.  James  S.  McNary ,  of  Canonsburg,  Pa. ,  weighing  17  pounds. 
The  National  Dickinson  Delaines  are  from  Ohio  breeders,  the  extreme 
weight  of  fleece  being  16  pounds.     Pennsylvania  and  Ohio  also  furnish 
the  Black-Top  Delaines,  of  which  one  fleece  weighs  18  pounds,  from 
Mr.  M.  M.  Keener,  of  Plaingrove,  Pa.     There  are  also  Delaines  from 
Missouri,  Iowa,  and  California.     The  American  Bambouillets,   with 
fleeces  up  to  16  pounds,  are  from  New  York,  Ohio,  and  Michigan. 
The  fine  Saxony  fleeces  are  from  the  veteran  breeder,  Mr.  John  G. 
Clarke,  of  Washington,  Pa.,  one  fleece  from  a  yearling  weighing  oi 
pounds.     Another  Saxon  exhibit  is  from  Virginia.     The  larger  pro- 
poi'tion  of  Merino  fleeces  come  from  California,  others  from  Texas, 
Indiana,  Michigan,  Ohio,  and  New  York. 

Among  the  Downs  the  Shropshires  are  the  most  numerous,  coming 
from  breeders  in  Missouri,  Iowa,  South  Dakota,  and  Oregon,  with 
fleeces  up  to  12  pounds.  Southdowns  are  from  Vermont,  Ohio,  and 
Illinois,  the  heaviest  fleece  10  pounds.  Oxfords  represent  Ohio  and 
Illinois,  one  fleece  weighing  14  pounds.  Dorset  Horn  fleeces  come 
from  New  York,  New  Jei*sey,  Pennsylvania,  and  Ohio,  and  weigh 
from  7  to  14  pounds.  Lincolns,  ver^'  popular  in  range  districts,  are 
unrepresented.  Other  exhibits  are  Cotswold  from  Oregon,  one  from 
the  Agricultural  College  weighing  19  pounds,  Leicester  and  Cheviot 
from  Indiana.  There  are  four  samples  of  the  North  Star  breed  from 
Minnesota,  evidently  from  crossing  of  fine  and  long  wools,  weighing 
16  pounds  per  fleece.  As  a  curiosity  a  sample  of  very  long  fiber  from 
Alaska  is  included.  There  is  also  a  case  of  twenty-four  samples  of 
Angora  goat  fleece,  mostly  selected  by  William  R.  Payne  &  Co.,  wool 
dealers  of  New  York,  and  coming  from  W.  G.  Hughes  of  Hastings, 
Tex.,  John  S.  Harris  of  Oakley,  Idaho,  and  George  S.  Houk  of 
Oregon. 

These  exhibits  will  give  the  people  of  other  countries  an  idea  of  the 
great  variety  and  high  character  of  American  wools,  and  illustrate 
attainments  in  breeding  that  leave  little  necessity  for  importing  either 
sheep  or  wool.  There  are  very  few  of  the  breeds  of  the  world  worth 
importing  that  are  not  already  here,  and  being  improved  leather  than 
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deteriorating'.     Our  climates  and  ^rassos  furnish  suffioiont  diversity 
and  variety  to  meet  all  requircmentii.. 

From  Maine  to  Texas,  from  Alaska  to  Arizona,  are  found  conditions 
of  temperature,  humidity,  and  pasturage,  comparatively  free  from 
extremes  of  drought  such  as  have  destroyed  sheep  by  thousands  in 
Australia  and  Argentina,  and  favorable  to  great  variety  and  high 
quality  of  American  wools. 

The  general  feeling  at  the  pi-esent  time  as  to  the  condition  and 
prospects  of  sheep  husbandry  is  one  of  relative  content  and  sjitisfac- 
tion,  and  of  confidence  and  hopefulness  for  the  future.  If  all  growers 
are  not  equally  suited  and  satisfied,  they  are  at  least  measumbly  con- 
tent with  the  situation.  The  one  thing  that  they  dread  is  a  violent 
change  of  conditions.  In  a  country  that  is  continental  in  exti^nt,  con- 
ditions can  not  l)e  equally  favorable  in  all  sections.  There  are  differ- 
ences in  climate,  some  districts  requiring  feed  and  shelter  all  winter; 
othei-s  needing  neither  at  any  time,  except  in  severe  storms  that  may 
or  may  not  occur  during  an  entire  winter.  Some  sections  have  limited 
pasturage,  required  imperatively  for  other  kinds  of  stock;  others 
have  broad  prairies,  or  wide  stretches  of  free  range. 

Western  competition  has  borne  heavily  on  the  seaboard  States  in 
this  as  in  other  branches  of  animal  industrj'.  The  effect  has  been 
the  movement  of  live-stock  industries  westward  for  the  jmst  fifty 
years.  As  the  farm  daily  of  the  AUeghanian  slope  has  existed  for 
the  supply  of  fresh  milk  to  dense  neighlwring  populations,  so  have 
sheep  been  maintained  to  a  limited  extent  for  the  production  of  early 
lambs,  though  this  industr}^  has  suffered  from  (competition  since  the 
advent  of  refrigerator  cars. 

The  decline  of  flocks  has  been  steady  in  New  England  for  fifty 
years.  Not  only  has  every  decade  witnessed  a  diminution  in  numbers, 
as  a  whole,  but  in  every  State  the  progressive  decline  has  been  with- 
out a  break,  with  a  .single  exception,  Maine  having  shown  an  increase 
in  1880,  and  a  very  slight  gain  in  1800,  although  there  were  nearly 
four  times  as  many  sheep  in  1850  as  in  1900.  Vermont  in  1850 
had  nearly  half  of  all  the  sheep  enumerated  in  the  New  England 
States,  and  while  her  American  Merinos  have  taken  European 
medals,  and  have  gone  to  Australia  and  South  America  in  exchange 
for  generous  sums  in  gold,  her  flocks  declined  from  1,01%, 1^2  in  1850 
to  752,201  in  1860,  and  580,347  in  1870,  in  an  era  of  popularity  in 
which  $5,000  was  oflTered  and  refused  for  a  single  sire.  This  means 
simply  that  while  there  was  profit  in  breeding  flocks  of  high  repute, 
the  larger  numbers  suflfered  from  the  general  tendency  to  decline  of 
common  flocks.  There  is  a  feeling  now,  among  those  having  former 
experience,  that  there  may  be  profit  in  sheep  again  for  the  produc- 
tion of  fat  lambs,  but  whether  it  will  lead  to  increase  of  flocks  is 
uncertain.  With  skill  aitd  enterprise  it  might  prove  so.  Few  farmers 
there  will  be  likely  to  give  the  recjuisitc  attention,  and  few  have  pas- 
turage suflicient  to  support  a  paving  })usiness.     If  a  few  get  Shrop- 
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shire  or  Dorset  sires,  raise  a  few  crossbred  lambs,  and  sell  them  for 
the  prices  local  butchers  pay  for  the  common  stock,  the  profit  will  not 
prove  alluring.  There  are  some,  however,  who  find  a  profit  in  such 
lambs,  and  more  can  do  the  same  with  the  enterprise  and  energy  put 
into  other  business  in  this  region. 

The  conditions  in  the  Middle  States  are  essentially  the  same  as  those 
of  the  Eastern.  The  decline  in  numbers  of  sheep  ha^s  been  progressive, 
decade  by  decade,  without  a  break,  except  in  Pennsylvania,  where  in 
1870  and  1880  increase  waij  shown,  owing  to  prominence  of  the  Pan- 
handle counties  in  woolgrowing  in  that  period  of  general  prosperity. 
The  decline  from  1850  to  1890  was  small  in  Pennsylvania;  it  was  con- 
tinuous in  New  Jersey,  though  there  were  only  160,4^8  in  1850;  but  in 
New  York  the  falling  oflf  was  from  3,453,241  in  1850  to  1,528,979  in 
1890,  and  in  the  last  ten  j^ears  the  reduction  has  been  almost  half  the 
figures  for  1890.  Now  there  are  onl}'  about  a  third  as  many  in  the 
Middle  States  as  in  1850 — a  few  breeding  flocks,  some  held  for  raising 
spring  lambs,  and  scattered  farm  flocks.  A  few  can  now  find  a  profit 
under  present  conditiofis  in  pure-bred  flocks  for  fortifying  the  blood 
of  the  mountain-range  flocks.  The  history  of  the  past  is  no  guaranty 
of  future  increase,  though  it  may  be  possible,  dependent  upon  the 
comparative  profit  of  dairying  and  other  lines  of  eastern  rural  indus- 
tries. The  only  item  of  advantage  enjoyed  by  this  Atlantic  seaboai'd 
region  in  woolgrowing  over  the  far  West  is  in  lower  transportation 
charges,  and  this  by  no  means  offsets  the  advantages  of  that  region. 

A  letter  from  the  secretary  of  the  New  York  State  American  Merino 
Sheep  Breeders'  Association,  Mr.  J.  H.  Earll,  states  that  flock 
owners  are  generally  well  satisfied  with  present  conditions,  as  w^ool  at 
20  cents  and  lambs  at  $4  in  July  ''pay  very  well."  Most  of  the  sheep 
are  of  the  mutton  breeds,  the  tendency  having  been  in  that  dire<.*tion 
for  ten  j^ears  past.  He  states  that  the  Shropshire  leads  all  other  breeds. 
In  1888  there  were  150  registered  fine-wool  flocks  in  the  State;  now 
there  are  about  50.  But  owners  have  taken  courage  from  increase  of 
price — from  7  and  8  cents  in  1895  to  20  cents  in  December  last,  though 
now  temporarily  a  little  lower.    They  are  confident  of  good  prices  later. 

The  Sout]jern  States,  exclusive  of  Texas,  had  between  5,000,000  and 
6,000,000  sheep  in  1850,  and  there  have  been  only  slight  fluctuations 
since,  the  census  of  1890  showing  over  5,000,000.  The  South  has  never 
been  a  woolgrowing  region.  Its  present  opportunity  is  in  feeding 
lambs  and  nmttons,  for  which  great  natural  resources  are  enjoyed — a 
mild  climate  that  requires  little  if  any  shelter  and  penflits  the  growth  of 
forage  all  winter,  while  its  cotton  seed  is  a.  valuable  and  abundant  ele- 
ment of  feeding  rations.  Its  population  furnishes  an  extensive  market 
for  meats,  in  which  a  high  quality  of  mutton,  as  well  as  beef,  is  now 
scarce.  Eastern  and  foreign  markets  would  furnish  a  profitable  out- 
let for  any  surplus  that  might  be  produced.  In  the  meat-making 
bi'anch  of  sheep  husbandry  there  should  be  a  large  increase,  climatic 
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and  feeding  resources  being  unexcelled  ])y  those  of  an}'  other  States, 
the  most  serious  obstacles  being  dogs  and  an  indisposition  to  undertake 
new  rui'al  enterprises. 

Throughout  the  West  a  buoyant  feeling  exists  among  sheep  raisers, 
and  numbers  are  increasing  with  considerable  rapidity,  especially  in 
the  valleys  of  the  Mississippi  and  Missouri.  The  impulse  of  growth 
is  felt  in  all  the  States  of  the  Ohio  Valley. 

In  Indiana,  which  has  never  been  a  distinctly  woolgrowing  State, 
according  to  Prof.  C.  S.  Plumb  the  '^  sheep  and  wool  interests  are  des- 
tined to  a  very  considerable  increase."  He  says  it  is  many  years  since 
Indiana  has  had  as  many  sheep  as  to-day.  In  breeding,  the  value  of 
a  good  mutton  carcass  is  not  lost  sight  of,  while  wool  is  an  important 
consideration.  The  Rambouillet  Merino  is  now  very  popular  thei-e, 
and  the  Delaine  Merinos  are  held  in  high  esteem.  The  sheep  of  Indi- 
ana are  mainly  of  the  mutton  breeds,  though  there  is  now  a  tendency 
to  cross  with  Merinos  of  large  size  that  approach  the  mutton  confor- 
mation. Shropshire  gi^ades  are  now  predominant,  and  man}'  growers 
incline  toward  the  Kambouillet  as  an  improving  cross. 

The  Secretarv  of  the  Indiana  Dickinson  Delaine  Association,  Mr. 
U.  C.  Brouse,  says  this  breed  has  been  very  populai*  because  of  a 
stmng  constitution,  good  feeding  quality,  mutton  forms,  and  heavy 
fleecer  of  valuable  wool.  He  says  there  are  about  8,000  regist(^red, 
mostly  in  Pennsylvania,  Ohio,  Indiana,  and  Michigan. 

There  is  mpid  increase  of  flocks  in  the  prairie  States  west  of  the 
Mississippi.  Iowa  is  perhaps  more  interested  in  sheep  husbandry 
than  ever  before.  Sheep  are  increasing  quite  rapidly  in  Minnesota 
and  the  Dakotas,  and  numbers  arc  now  greater  than  at  any  former 
poriod.  The  feeling  is  general  that  under  present  conditions  sheep 
nhould  prove  fully  as  profitable  as  any  other  branch  of  stock  raising. 

The  region  west  of  the  prairies,  the  range  country,  including  Texas 
and  the  Pacific  Coast,  is  the  principal  area  of  American  woolgrowing. 
In  all  this  region  the  industry  is  now  flourishing.  Sheep  are  increas- 
ing, the  flock  masters  have  the  confidence  and  coui'age  to  extend  opci^a- 
tions,  use  their  time  and  money  in  eflforts  for  breed  improvement,  and 
give  the  care  and  attention  to  details  necessary  for  the  pcnnanent 
welfare  of  flocks.  Everywhere  they  appear  to  be  content  with  the 
situation. 

Advices  from  Montana  and  Wyoming,  where  sheep  are  counted  by 
millions,  and  valued  as  never  before,  the  total  value  of  the  flocks  of 
the  former  being  greater  than  that  of  any  other  State,  and  of  the  lat- 
ter only  exceeded  by  that  of  Ohio,  declare  a  condition  of  prosperity 
and  contentment.     Similar  conditions  are  reported  in  Utah  and  Idaho. 

New  Mexico  is  credited  with  the  largest  number  of  any  State  or 
Ten-itory.  The  Department  of  Agriculture  estimates  3,397,439;  and 
Governor  Otero  estimates  last  years  product  of  wool  at  over  18,000,000 
pounds  and  declares  that  sheep  husbandry  is  now  the  most  prosperous 
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industry  in  the  Territory  and  flock  masters  are  in  bettx^r  spirits  than 
for  many  years.  Many  years  have  been  occupied  in  breeding  up  the 
coarso-wooled  Mexican  stock  to  the  Merino  plane,  yet  the  wool  is  still 
uneven,  some  fleeces  comparing  favorably  with  any  in  the  United 
States,  while  the  majority'  are  not  uniform  in  grade,  running  from  fine 
to  blanket  wool;  but  each  succeeding  year  the  lambs  produce  a  finer 
grade  of  wool.  A  scouring  mill  in  Las  Vegas,  in  its  records,  indicates 
this  diversity.  One  clip  of  90,000  pounds  of  grease  wool  scoured  97 
per  cent  of  tine  and  fine  mediuui,  2  per  cent  of  quarter  blood,  and  1  per 
cent  of  blanket.  One  of  77,000  pounds  of  grease  wool  3'ielded  90  per 
cent  of  fine  and  medium,  9  of  medium,  and  1  of  blanket.  Another 
of  40,000  pounds  scoured  65  per  cent  of  fine  and  85  per  cent  of  medium. 
These  indicate  a  high  grade  of  improvement.  Othei-s  were  not  so 
good.  One  clip  of  31,000  pounds  gave  only  2  per  cent  of  scoured  fine 
medium,  59  of  three-eighths,  17  of  quarter  blood,  18  of  blanket,  and  4 
of  carjx^t  wool.  This  is  coai*se  but  serviceable  wool,  with  little  of  ite 
original  carpet  quality. 

The  industry  is  also  quite  prosperous  in  Arizona,  and  sheep  are 
increasing  rapidly. 

The  secretary  of  the  National  Merino  Sheep  Register  Association,  of 
California,  Mr.  R.  O.  Logan,  says  that  woolgrowers  are  generally 
jubilant  over  present  prospects,  over  the  return  of  a  fine-wool  period, 
feeling  that  the  tendency  of  the  next  decade  will  be  toward  the  grow- 
ing of  merino  wool  of  long  staple.  The  only  serioas  drawback 
indicated  is  the  introduction  of  skirted  wools  at  the  rate  of  unwashed, 
which  reduces  materially  the  protective  benefit  of  the  duty. 

Oregon  and  Washington  flocks  are  increasing  in  nimibei"s,  giving  a 
reasonable  profit  to  flock  owners  and  a  measure  of  satisfaction  and 
contentment. 

The  present  condition  of  woolgrowing  has  no  more  suggestive 
index  than  the  average  prices  of  January  last.  In  the  twelve  States 
and  Territories  which  now  produce  nearly  two-thirds  of  all  our  wool, 
the  prices  of  sheep  are  higher  in  every  one  than  in  January,  1893.  In 
Oregon,  Wyoming,  and  New  Mexico  the  average  price  was  more  than 
double  that  of  1895,  and  for  all  of  them  together  the  average  was  lit- 
tle* short  of  double,  and  the  home  price  of  wool  has  increased  more 
than  loo  per  cent.  A  comparison  of  January  prices  in  1803,  1895, 
and  11K)0  is  as  follows: 

Prices  of  nherp  in  F(ir  Wed  in  1893 ^  1896,  and  1900,  compared. 
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Woolgrowei-s  regard  with  interest  the  effect  of  the  present  tariff  on  ^^ 
the  price  of  their  wools.     When  the  enactment  of  18t>7  went  into 
operation  as  to  wool  August  28,  1897,  and  as  to  shodd}-  and  other  ' 
manufactures  January  1,  1898,  some  may  have  expected  an  advance  ' 
equal  to  the  rate  of  duty.     But  this  by  no  means  occurred.     I'he  . 
markets  were  then  full  of  fine  foreign  wool,  and  two  or  three  years  of 
null  consumption  were  necessary  to  clear  away  these  stocks.     The 
diagrams  (fi^.  2  and  3),  prepared  1)}'^  Justice,  Bateman  &  Co.,  wool 


Cost  (duty  paid)  of  Argentine  quarter- 
blood  unwashed  wool  in  New  York,  lx^| 
mg  the  Jmportiiigr-point  price.  jAnuaryj 
1,1900. 
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fPrire  of  Amoriraii  qiuirUM'-blotMl  iiii- 
Wiu<he«l  wool  Kimilar  to  Argentine,  Jan- 
uary 1,1900. 


Cost  in  Aigeutinaof  quiirter-bhKNl  nn-i 
iwshed  wool,  January  1, 1900.  /  *"" 


FiG.2.— l>lagmni  showing  effect  of  Dingley  tariff  a<'t  in  rniKlng  tl»e  i)rice  of  AnuTU'an  wool,. I jm nary 

1,1900— only  three-fourths  of  iUs  lifting  jwiwer  realized. 

dealei-s,  of  Philadelphia,  illustmte  clearly  and  accurately  the  price- 
lifting  force  of  the  Dingley  tariff.  The  reprcsontjitivc  grade  of 
American  wool  in  the  diagram  is  quarter-blood  unwaslicd,  which 
represents  wool  from  mutton  sheep  of  the  Shropshire  or  similar 
flocks.  Fig.  2  shows  that  only  75  per  cent  of  the  price-lifting  effect 
of  the  tariflf  was  attained  by  January  1,  IIHX).  Justice,  Bateman  & 
Co.  say  in  explanation: 

Ai^ntiiie  crossbred  wools,  spinning  to  what  are  known  here  slu  46s  to  50s  quahties, 
corresponding  to  an  American  medium  in  the  unwashed  condition,  but  skirted,  now 
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cost  in  the  Argentine  Republic  20  centa.  With  1  cent  addwl  fur  freiglit  the  ttiest 
afloat  in  New  York  would  not  be  under  21  cents,  but  with  the  Dingley  tariff  duty  of 
1 1  centfl  added  the  cost  to  the  American  consumer  would  be  32  cents  for  wool  of  the 
same  class  and  quality  as  domestic  unwashed  medium  combing,  the  outside  price  for 
which  on  January  1  was  29  cents.  Thus  it  would  appear  that  an  effort  is  being 
made  to  reduce  the  duties  of  the  Dingley  act  before  it  has  had  a  trial. 

This  reference  to  reduction  of  duties  relates  to  the  proposed  Argen- 
tine reciprocity  treaty,  which  makes  a  reduction  of  20  per  cent. 


Cost  (duty  paid)  of  Argentine  quarter- 
blood  unwashed  wool  in  New  York,  be- 
ing the  importing-point  price,  May  19, 
1900. 


{Price  of  American  quarter-blood  un- 
washed wool  similar  to  Argentine,  May 
19,1900. 


CoHtin  Argentina  of  quartcr-bhKMi  un-| 
washed  wtM)l,  May  19,1900.  |  ""' 


Fig.  8.— Diagram  showing  efle<*t  o(  Diiigloy  tariff  act  in  niisiiig  the  prire  of  Amorifan  wool.  May  19, 

1900— its  full  lifting  power  realized. 

Since  January  1  there  has  been  a  30  per  cent  decline  in  the  markets 
of  the  world  on  Argentine  quarter-blood  unwashed,  which  realized  the 
full  price-lifting  effect  of  the  tariff,  i.  e.,  the  American  price  is  as 
much  above  the  foreign  price  as  the  Argentine  price,  plus  11  cents 
duty  and  1  cent  freight;  in  other  words,  it  is  12  cents  below  the 
American  price,  which  is  26  cents,  as  shown  in  figure  3. 

Thus  it  has  been  between  two  and  three  years  since  the  tariff  went 
into  force  before  its  full  effect  could  be  realized  on  quarter-blood 
unwashed  wool  in  comparison  with  Shropshire  or  similar  American 
wool. 


SHEEP   AND    WOOL.  63 

The  data  presented  in  this  report  show  that  this  country  produces 
wool  suited  to  almost  every  variety  of  honest  fabric  that  is  made; 
that,  excepting  the  lower  grade  of  wools,  domestic  manufacture  has  at 
some  dates  had  a  nearly  full  supply;  that  in  a  very  brief  period  a  full 
supply  of  clothing  and  worsted  wools  can  be  reasonably  exj)ected.  It 
has  also  been  shown  that  our  manufacturers  can  not  be  successful 
without  a  comparatively  full  supply  of  home-grown  wools. 

In  conclusion,  it  has  been  fully  demonstrated,  and  needed  not  the 
bitter  experience  of  1894-1897  for  emphasis,  that  the  prosperity  of 
manufacturers  is  inseparably  bound  up  with  that  of  the  woolgrowers. 
A  full  supply  of  wool  products  for  domestic  consumption  can  easily  be 
produced  for  a  constantly  increasing  population,  and  ultimately  some 
for  exportation  is  possible,  but  never  with  foreign  wool.  In  some 
lines  even  now  foi^eign  shipments  of  manufactures  of  wool  are  made 
and  they  are  increasing.  During  the  fiscal  year  ended  June  30, 1900, 
the  value  of  exports  of  wool  manufactures  was  $1,253,602  against 
$1,047,407  in  the  preceding  fiscal  year,  largely  in  wearing  apparel. 
This  will  increase  if  the  prosperity  of  both  industries  is  maintained. 
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February  1,  1901. 
Sm:   On  June  13  and  15,  1900,  Mr.  Frank  H.  Hitchcock,  Chief  of 
the    Section  of  Foreign   ISfarkets,  appeared  as  a  witness  before  the 
[Jnited    States  Industrial  Commission  by  the  invitation  of  that  body. 
His  testimony  covered  especially  the  relations  to  and  dependence  upon 
BLgxiculture  of  our  foreign  trade,  and  served  to  bring  together  in  con- 
venient form  a  large  amount  of  information  not  hitherto  published  by 
the    Department.     The  demand  for  this  information  is  frequent  and 
-widespread,  and  as  the  suggestions  offered  by  Mr.  Hitchcock  in  response 
to  the  inquiries  propounded  to  him  by  the  Commission  are  such  as 
have  frequently  met  with  your  expressed  approval,  I  earnestly  recom- 
mend the  republication  of  this  testimony  as  a  departmental  report. 
Very  respectfully, 

Geo.  Wm.  Hill, 

Edtt(/r, 
Hon.  James  Wilson, 

Secretary  of  Agricvlture, 
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INTKODUCTORY. 


At  the  meeting  of  the  United  States  Industrial  Commission  on  June 
13,  1900,  at  Washington,  D.  C,  Mr.  Farquhar  presiding,  Mr.  Frank 
H.  Hitchcock,  cliief  of  the  Section  of  Foreign  Markets,  United  States 
Department  of  Agriculture,  was  introduced  as  a  witness,  and,  being 
duly  s^worn,  testified  as  follows: 

Q-  (By  Mr.  A.  L.  Harris.)  You  may  state  your  name,  your  address, 
and  your  occupation. — A.  My  name  is  Frank  H.  Hitchcock;  my  occu- 
pation is  that  of  chief  of  the  Section  of  Foreign  Markets,  United 
States  Department  of  Agriculture;  that  is  also  my  address. 

Q.  How  long  have  you  been  connected  with  the  Department  of 
Agriculture? — A.  Since  the  autumn  of  1891. 

Q.  And  all  that  time  in  this  bureau? — A.  No.  I  went  into  the 
Department  as  a  biologist,  passing  the  civil-service  examination.  I 
served  in  the  biological  work  for  one  year  and  then  took  up  the  statis- 
tical work.  I  worked  in  the  statistical  bureau  until  about  five  years 
ago,  when  I  was  transferred  to  the  Section  of  Foreign  Markets  soon 
after  its  inception.  My  work  has  therefore  been  statistical  for  about 
eight  years. 

Q.  Your  examination  has  been  exclusively  in  the  line  of  the  exten- 
sion of  foreign  markets  for  agricultural  products? — A.  Yes;  since  I 
have  been  connected  with  my  present  office. 

Q.  What  means  have  you  had  for  procuring  your  information 
in  regard  to  the  expansion  of  foreign  markets  for  agricultural 
products? — ^A.  We  have  had,  first  of  all,  the  published  information 
that  is  issued  by  the  various  foreign  governments.  We  depend  upon 
the  official  reports,  as  far  as  possible,  for  our  information,  especially 
for  our  statistical  information.  We  have  also  had  the  cooperation  of 
the  United  States  consular  service  through  the  courtesy  of  the  State 
Department.  The  consuls  have  furnished  us  with  reports  on  stated 
topics,  the  inquiries  being  transmitted  to  them  through  the  Depart- 
ment of  State.  In  addition  to  that  we  have  had  some  assistance  from 
employees  of  our  own  Department  abroad.  There  have  been  several 
special  agents  (so  called)  employed  to  study  agricultural  conditions  in 

foreign  countries,  and  they  have  reported  to  the  Department.     For 
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information  on  the  subject  of  our  own  export  trade  we  are  of  couise 
dependent  very  largely  upon  the  reports  of  our  customs  officials  as 
published  by  tke  Treasury  Department. 

EXTENT  AND  INCREASE  OF  AGRICULTURAL  EXPORTS, 

Q.  You  may  state,  if  you  will,  in  your  own  way,  the  past  conditions 
of  the  foreign  markets  for  agricultural  products,  the  present  condi- 
tions, and  the  hopes  for  the  future. — A.  The  extent  to  which  Ameri- 
can fanners  depend  upon  foreign  markets  for  the  disposal  of  their 
surplus  products  may  be  gathered  from  the  fact  that  during  the  past 
fiscal  year,  1899,  our  agricultural  exports  reached  in  value  close  to  the 
enormous  sum  of  ^00,000,000.     The  agricultural  exports  probably 
comprise  about  25  per  cent  of  the  total  production  of  American  agri- 
culture.    With  this  enormous  surplus  the  acquirement  and  main- 
tenance of  a  ready  foreign  market  is  of  the  greatest  importance  to  our 
agricultural  interests.     In  order  to  prevent  the  glutting  of  the  home 
market  we  must  ship  our  surplus  produce  to  foreign  countries. 

During  the  last  forty  or  fifty  years  our  agricultural  expoits  have 
increased  with  great  rapidity.  In  1860  their  value  was  about  (258,- 
000,000;  in  1870  it  amounted  to  $363,000,000;'  in  1880  to  $693,000,000; 
in  1890  to  $635,000,000;  and  in  1899  to  $793,000,000.  Comparing  1860 
with  1899,  the  last  year  for  which  we  have  figures,  a  period  of  about 
forty  years,  we  find  an  increase  of  over  200  per  cent. 

Every  indication  points  to  the  probability  of  a  still  further  increase 
in  our  agricultural  export  trade,  providing  proper  measures  are  taken 
to  foster  it.  Modern  transportation  facilities  are  revolutionizing  the 
character  of  the  trade.  The  introduction  of  cold  storage  and  of 
refrigeration  service  on  railway  cars  and  steamships  is  making  it 
possible  to  market  in  foreign  countries  across  the  sea  products  that 
we  were  formerly  unable  to  export;  and  it  is  along  this  line  of  devel- 
opment that  the  increase  of  our  export  trade  in  agricultural  products 
in  the  future  may  be  chiefly  expected — ^in  the  exportation  of  perishable 
products,  such  as  meats,  butter  and  cheese,  perishable  vegetables,  and 
fruits. 

FRESH  BEEF. 

Thus  far  the  chief  example  of  trade  development  along  this  line  is 
found  in  the  case  of  fresh  beef.  In  1880  our  exports  of  fresh  beef 
were  valued  at  about  $7,000,000.  Last  year,  1899,  they  were  valued 
at  $24,000,000. 

INDIAN   CORN. 

Some  of  the  other  products  that  show  an  increased  exportation,  but 
mainly  for  other  reasons,  I  will  now  mention.     Corn  is  a  notable 

[*  The  figures  for  1870,  quoted  in  this  testimony,  represent  the  cuirency  export 
values,  as  origmally  published  in  the  official  customs  returns.] 
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example.  In  1870  we  exported  a  little  over  $1,000,000  worth  of  Indian 
com.  Last  year  we  exported  nearly  $70,000,000  worth.  The  develop- 
ment of  the  dairy  industry  all  over  the  world  and  the  discovery  in 
foreig^n  countries  that  American  corn  forms  a  cheap  and  desiittble  feed 
stuff  for  live  stock  have  led  to  an  enormous  increase  in  our  expoila- 
tion  of  that  grain. 

WHEAT  FLOUB. 

Another  conspicuous  example  of  increase  is  wheat  flour.  Going 
back  to  1870  we  find  that  the  exports  of  wheat  flour  were  valued  at 
about  $20,000,000.  Last  year,  1899,  they  were  valued  at  $73,000,000. 
The  remarkable  development  of  the  milling  industries  in  this  country, 
resulting  in  a  very  large  pi-odi^ction  of  high-grade  flour  at  a  low  cost, 
has  made  it  possible  for  us  to  export  flour  in  competition  with  other 
producing  countries  and  gradually  to  get  the  trade.  Flour  affords 
one  of  the  most  notable  instances  of  increase  among  our  agricultural 
exports. 

CATTLB. 

Another  case  of  development  in  the  agricultural  export  trade  is  that 
of  the  shipment  of  cattle.  In  1870  our  cattle  exports  amounted  in  value 
to  less  than  $600,000.  In  1899  they  amounted  to  over  130,000,000. 
This  trade  has  been  greatly  aided,  of  course,  by  the  changes  in  the 
methods  of  transportation,  the  improvement  of  transportation  facili- 
ties, the  shortening  of  the  time  in  which  live  cattle  can  be  transported, 
not  only  across  the  continent  but  across  the  sea,  and  by  the  measures 
that  have  been  taken  by  the  Government  to  protect  and  foster  the 
trade.  The  official  inspection  of  export  cattle,  guaranteeing  a  standard 
in  condition  and  quality,  has  greatly  benefited  the  export  trade. 

CURED   MEATS. 

Our  exports  of  cured  meats  have  also  increased  to  a  noticeable  extent. 
The  various  pork  products,  in  particular,  have  presented  a  very  marked 
example  of  increase.  In  1870  we  exported  only  about  $6,000,000  worth 
of  bacon  and  hams,  while  in  1899  we  sent  abroad  over  $60,000,000 
worth.  Our  bacon  exports  for  1899  were  valued  at  $42,000,000,  and 
our  ham  exports  at  $21,000,000. 

LABD. 

Similarly  the  exports  of  lard  have  grown  enormously  in  the  period 
under  consideration.  In  1870  we  exported  about  $6,000,000  worth 
of  lard.  In  1899  we  exported  $42,000,000  worth.  The  growth  of  the 
packing  industry  in  the  United  States  and  the  improved  methods  of 
packing  that  have  been  adopted  here  have  resulted  in  a  great  develop- 
meut  of  this  export  trade. 
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OIL  CAKS. 


Another  a^cultural  export  that  shows  a  very  large  growth  and  s 
very  rapid  one  is  oil  cake  and  oil-cake  meal.  In  1870  we  exported 
alx>ut  $3,500,000  worth  of  oil  cake  and  oil-cake  meal.  Last  year  we 
exported  $14,500,000  worth.  This  product  presents  a  case  somewhat 
similar  to  that  of  the  exports  of  com.  It  is  beginning  to  be  fed  very 
largely  to  live  stock  abroad,  especially  in  dairying  countries.  Foreign 
dairying  interests  are  beginning  to  discover  its  utility  as  a  feed  and  are 
importing  it  in  rapidly  increasing  quantities. 


COTTON-8ESD  OIL. 


Another  article  that  shows  a  rapid  increase  is  cotton-seed  oil.  In 
1870  we  exported  only  about  $15,000  worth  of  this  product.  In  181>9 
we  sent  abroad  about  $12,000,000  worth. 


OLEO  OIL. 


Oleo  oil,  a  product  that  has  come  to  the  front  somewhat  recently, 
affords  another  instance  of  growing  export  trade.  In  1870  no  exports 
were  recorded.  In  1880  about  $2,000,000  worth  went  to  foreign  mar- 
kets, and  in  1899  over  $9,000,000  worth.  Oleo  oil  is  sent  abroad  to 
countries  that  manufacture  oleomargarine;  it  is  sent  abroad  in  the 
crude  fonn  and  is  used  in  the  manufacture  of  imitation  butter. 


FKUITS. 


Still  another  item  is  fruits.  Our  export  trade  in  fruits  has  increased 
with  considei-able  rapidity  during  these  years.  In  1870  we  shipped  to 
foreign  countries  about  $500,000  worth,  whereas  in  1899  we  exported 
nearly  $8,000,000  worth. 

The  leading  articles  just  enumerated  are  the  ones  that  have  contrib- 
uted most  to  the  general  increase  I  spoke  of  as  having  occurred  in  our 
agricultural  export  trade. 

REASON   FOR  SELECTING   STATISTICS  QUOTED. 

Q.  (By  Senator  Kyle.)  Wh}^  is  it  you  take  a  period  of  thirty  years— 
1870  to  1900? — A.  One  reason  is  that  the  statistics  prior  to  1870  are 
not  in  such  satisfactory  shape.  1  have  here  the  figures  for  each  decen- 
nial period  from  1870  down  to  1899. 

Q.  Is  there  a  falling  off  in  the  different  periods  between  1870  and 
1900? — A.  There  is  a  fluctuation  in  some  cases — a  falling  off  followed 
by  a  recovery. 

Q.  And  then  a  rise  again  in  the  last  two  or  three  years? — ^A.  A  rise 
occurred  in  many  cases  during  the  last  two  or  three  years. 

DISTRIBUTION    OF   EXPORT  TRADE. 

Q.  I  would  rather  like  to  hear  the  destinations  of  these  agricultural 
'^ucts,  if  you  can  give  them  just  as  well  as  not — ^A.  As  regards  the 
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distribution  of  our  agricultural  exports  in  general,  I  will  say  that  the 
United  Kingdom  is,  of  coui-se,  our  most  important  market.  We  send 
over  one-half  of  all  our  agricultural  exports  to  the  United  Kingdom  of 
Great  Britain  and  Ireland.  Of  the  products  exported  during  the  five 
yeara  1894—1898,  measured  in  value,  about  56  per  cent  went  to  the 
United  Kingdom.  Thirteen  per  cent  of  the  exports  for  the  same 
period  went  to  Germany;  to  France,  i^.^  per  cent;  to  the  Netherlands, 
4.3  per  cent;  to  Belgium,  3.6  per  cent.  These  five  countries  are  the 
destinations  of  a  very  large  proportion  of  our  European  trade,  and,  in 
fact,  of  our  total  export  trade  in  agricultural  products. 

Q.  Why  do  you  select  the  period  of  1894  to  1898? — A.  The  reason 
I  have  selected  that  period  in  this  testimony  is  because  I  have  published 
a  report  upon  our  agricultural  export  trade  for  those  years,  from  which 
I  am  able  to  quote.  The  report  was  issued  some  little  time  ago,  and  so 
it  does  not  include  1899.  Similar  statistics  covering  1899  have  not 
yet  been  published. 

Q.  Do  these  percentages  materially  differ  as  regards  other  periods  ? — 
A.  Not  materially.  I  am  speaking  now  in  reference  to  the  present 
status  of  the  export  trade,  and  it  is  fairer  to  take  a  period  of  several 
years  and  give  the  average  than  to  quote  any  single  year.  The  average 
for  the  five  years  1894r-1898  gives  a  fairly  accurate  idea  of  the  present 
distribution  of  the  export  trade.  Of  our  agricultural  exports  for  that 
period  about  88  per  cent  went  to  European  countries.  That  shows 
how  important  Europe  is  to  us  as  a  market. 

Q.  You  figure  with  that,  of  course,  the  export  trade  from  the  Pacific 
coast? — A.  The  entire  agricultural  export  trade  of  the  United  States. 

rNCREASE   OF  TRADE  TO  ASIATIC  COUNTRIES. 

Q.  Do  you  think  in  the  period  from  1894  to  1898  there  has  been  an 
increased  trade  from  the  Pacific  coast  to  the  Asiatic  countries  ?— A. 
There  has  been  a  marked  increase  during  that  period.  The  total  value 
of  our  agricultural  exports  to  Asia  increased  from  less  than  $4,000,000 
in  1894  to  nearly  115,000,000  in  1898.  The  agricultural  exports  to 
Oceania,  which  are  stated  separately,  increased  in  the  same  period 
from  less  than  $2,000,000  to  $3,500,000 — quite  a  material  increase. 
The  increase  shown  by  the  Asiatic  and  Oceanian  trade  is  proportion- 
ately very  much  greater  than  the  increase  shown  in  any  other  direction. 
It  is  about  the  most  interesting  feature  of  our  recent  foreign-trade 
development. 

COTTON. 

Q.  What  are  the  branches  of  our  trade  that  are  increasing  in  the 
last  three  or  four  years  from  the  Pacific  coast? — A.  As  regards  the 
agricultural  exports,  the  chief  articles  are  cotton  and  wheat  flour.  I 
will  quote  from  one  of  my  reports  statistics  to  show  how  the  export 
trade  in  cotton  has  developed.     Our  total  exports  of  raw  cotton  tr 
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Japan,  China,  and  Hongkong  increased  from  23,500  pounds  in  1889, 
ten  years  ago,  to  nearly  119,000,000  pounds  in  1898.  The  present 
trade  represents  the  growth  of  little  more  than  a  decade.  To  show 
how  rapidly  it  has  developed  in  the  last  year  or  two,  I  will  say  that  in 
1897  the  exports  amounted  to  only  32,000,000  pounds,  as  compared 
with  nearly  119,000,000  pounds  in  1898. 

Q.  Have  you  any  figures  to  show  the  increase  of  the  production  of 
China  during  this  same  period?  Were  they  increasing  materially  in 
the  production  of  cotton  ? — A.  Not  materially.  Very  little  increase  is 
shown  by  the  statistics  of  cotton  production  in  China. 

Q.  So  that  the  inference,  then,  is  that  they  are  wearing  more  cotton, 
they  are  consuming  more  cotton  goods? — A.  The  raw  cotton,  I  will 
say,  goes  chiefly  to  Japan,  where  the  manufacturing  of  cotton  is  rap- 
idly coming  into  great  prominence.  The  Japanese  are  now  manu- 
facturing enormous  quantities  of  cotton  goods.  Their  manufacturing 
has  increased  very  rapidly  in  the  last  few  years,  and  they  are  now 
drawing  upon  us  quite  extensively  for  their  raw  cotton.  The  natural 
inference  would  be  that  the  use  of  cotton  cloths  is  increasing  in  that 
portion  of  the  world. 

Our  gains  in  exportation,  however,  are  not  confined  entirely  to  the 
exports  of  the  raw  product.  Our  exports  of  cotton  manufactures  to 
the  Orient  also  show  a  considerable  increase.  They  have  fluctuated 
considerably  from  year  to  3'ear,  but  taking  1889  to  1898,  a  period  of 
ten  years,  we  find  an  increase  from  $1,600,000  worth  in  the  former 
year  to  ^,300,000  worth  in  the  latter  year. 

Q.  Just  in  one  year? — ^A.  No;  in  ten  years. 

Q.  In  ten  years  an  increase  of  $4,000,000.  Well,  is  this  a  peculiar 
kind  of  cotton  goods? — A.  It  is  the  style  of  cotton  goods,  of  course, 
that  is  generally  sent  to  tropical  countries,  largely  cheap  cottons  of 
the  coarser  grades. 

Q.  From  what  section  of  the  United  States  are  these  goods  ex- 
ported?— ^A.  They  come  from  the  cotton  manufacturing  sections  in 
New  England  and  also  from  the  South.  I  do  not  know  as  to  the  exact 
distribution,  but  I  understand  that  the  South  is  now  beginning  to 
export  quite  largely  to  the  Orient. 

Q.  The  South  is  manufacturing  an  article  that  is  very  largely  con 
sumed  in  the  Orient,  is  it  not? — ^A.  I  understand  it  is  beginning  to. 

WHEAT  FLOUK. 

I  spoke  also  of  the  exportation  of  wheat  flour  to  the  oriental  coun- 
tries; I  will  quote  statistics  to  show  the  gain  in  the  shipment  of  that 
product.  In  1889  our  exports  of  wheat  flour  to  Japan,  China,  and 
Hongkong  amounted  to  408,000  barrels.  In  1898  they  amounted  to 
,120,000  barrels.     The  increase  was  particularly  marked  in  the  last 
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few  years  of  the  decade.  In  1894  they  had  increased  to  only  676,000 
barrels;  the  advance  to  over  a  million  occurred  in  the  years  following 
that 

DESTINATIONS  OF  I^EADINQ  EXPORTS. 

At  Senator  Kyle's  request  I  will  now  take  up  the  leading  products 
I  have  mentioned  as  showing  gains  in  exportation  and  state  briefly  the 
principal  destinations  to  which  we  are  now  sending  them.  Indian  com 
is  the  first  item  on  my  list.  I  will  ask  Senator  Kyle  whether  he  would 
prefer  to  have  me  state  the  distribution  by  quantities  or  by  values? 

Senator  Ktle.  I  think  value  probably  would  be  a  sufficient  indica- 
tion. 

Q.  (By  Mr.  A.  L.  Harris.)  Have  you  the  bushels  or  weights  in 
your  statement? — A.  I  have  both  quantity  and  value  wherever  they  can 
be  stated.  In  the  case  of  some  items — ^for  instance,  fruits — only  the 
value  is  recorded. 

Q.  (By  Mr.  Farquhar.)  In  the  case  of  cereals,  however? — A.  The 
separate  cereals  are  all  stated  by  both  quantity  and  value.  To  get  at 
the  volume  of  the  exports  it  would  be  important,  of  course,  to  have 
the  quantity  as  well  as  the  value;  but  where  you  are  simply  showing 
the  proportion  of  export  trade  that  goes  to  the  different  countries  the 
value  forms  a  satisfactory  basis  as  regards  the  distribution.  In  fact 
it  makes  very  little  difference  in  a  given  year  whether  we  take  the 
quantity  or  the  value  for  that  purpose.  Such  statements,  whether 
stated  in  quantity  or  in  value,  are  merely  comparative.  However,  I 
can  quote,  if  you  wish,  both  quantities  and  values. 

Mr.  Farquhak.  I  think  the  commission  would  like  to  have  both  the 
quantity  and  the  value. 

Witness.  To  give  a  fair  idea  of  the  distribution  I  will  take  the 
average  for  the  five-year  period  1894-1898,  stating  the  quantity  and 
value  for  that  period. 

INDIAN  CORN. 

Speaking  now  of  Indian  com,  our  shipments  of  this  grain  to  the 
United  Kingdom  averaged  60,000,000  bushels  a  year,  the  value  being 
about  $18,000,000.  That  gave  the  United  Kingdom,  taking  the  per- 
centage of  quantity,  about  43  per  cent  of  the  total  exports.  Germany 
ranked  next  to  the  United  Kingdom  as  a  market  for  our  corn,  taking 
about  20,000,000  bushels  a  year,  or  about  17  per  cent,  the  value  being 
slightly  more  than  $7,000,000.  Canada  was  a  market  for  about 
10,500,000  bushels,  the  value  being  about  $3,700,000.  Canada  took 
about  9  per  cent  of  the  total.  The  Netherlands,  with  10,400,000 
bushels,  valued  at  $3,800,000,  received  nearly  9  per  cent.  Denmark 
took  nearly  8  per  cent,  receiving  about  9,000,000  bushels,  with  a  value 
of  about  $3,000,000.     These  five  countries — ^the  United  Kingdom,  Ger- 
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many,  Canada,  the  Netherlands,  and  Denmark — were  the  chief  markets 
for  our  Indian  corn  during  the  period  under  considei'ation.  After 
these  countries  France  and  Belgium  may  be  cited  as  the  most  important 
markets. 

WHEAT  FLOUB. 

Wheat  flour  is  the  next  item  that  I  will  mention.  Of  the  wheat 
flour  exported  in  the  five-year  period  1894-1898,  the  United  Kingdom 
took  about  68  per  cent.  The  quantity  sent  to  that  country  was,  taking 
the*  annual  average,  about  9,000,000  barrels  and  the  value  about 
$35,000,000.  Other  destinations,  the  chief  of  which,  however,  the 
Netherlands,  took  only  about  6  per  cent,  were,  in  the  order  of  their 
iimportance,  the  Netherlands,  Hongkong,  Bi^azil,  Canada,  the  British 
West  Indies,  Cuba,  and  Germany.  I  have  mentioned  all  the  destina- 
tions to  which  an  average  annual  export  of  more  than  200,000  barrels 
was  sent. 

Q.  (By  Senator  Kyle.)  Did  you  mention  the  Asiatic  countries  there 
in  that  list? — A.  I  mentioned  the  chief  one — Hongkong.  Hongkong 
ranks  third. 

Q.  About  what  per  cent? — A.  It  takes  about  6  per  cent  of  the  flour. 

Q.  I  would  like  to  ask  you  whether  the  East  Indies  are  finding  a 
market  for  wheat  and  wheat  flour  in  the  Orient? — A.  My  impression 
is  that  they  a're  not  to  any  considerable  extent.     You  refer  to  India? 

Q.  India;  yes. — A.  Not  to  any  large  extent.  India  is  not  develop- 
ing as  a  wheat-exporting  country.  That  country  has  not  the  impor- 
tance that  it  formerly  had  as  a  source  of  supply.  I  have  here  the 
wheat  production  of  British  India.  It  fluctuates,  of  course,  from 
year  to  year,  but  the  general  tendency  has  been  downward. 

Q.  You  may  state  for  the  information  of  the  commission  something 
about  the  production  of  British  India. — A.  There  have  been  indica- 
tions that  the  wheat  production  of  India  was  declining,  if  anything,  in 
recent  years.  For  instance,  the  average  annual  production  for  the 
past  five  years,  1895-1899,  amounted  to  something  less  than  230,000,000 
bushels,  whereas  the  average  for  the  preceding  five  years,  1890-1894, 
was  about  240,000,000  bushels.  The  average  for  the  five  years 
1885-1889  was  still  larger,  amounting  to  about  260,000,000  bushels. 

CATTLE. 

I  was  about  to  speak  of  the  distribution  of  our  export  trade  in  cat- 
tle. The  United  Kingdom  takes  nearly  96  per  cent  of  the  live  cattle 
shipped  from  the  United  States.  The  average  number  of  head  exported 
to  the  British  market  during  the  five  years  1894-1898  was  about  350,000 
and  the  value  about  $33,000,000.  It  is  the  only  market  of  importance 
we  have  for  export  cattle.  The  remainder  of  the  trade  is  widely  dis- 
Tibuted  among  other  countries. 


FOBEIGN  MABKBTS  FOR  AKERIOAN  AGRICULTURAL  PRODUCTS.       15 

I  will  mention  as  an  interesting  fact  that  we  have  recently  been  ship- 
ping quite  a  number  of  cattle  to  Cuba.  In  1898  we  shipped  about 
40,000  head.  The  importation  of  American  live  cattle  into  Germany, 
France,  Belgium,  and  the  Netherlands  was  prohibited  some  years  ago, 
although  I  should  say  that  Belgium  has  since  removed  the  prohibition. 
Q.  (By  Mr.  A.  L.  Harris.)  What  was  the  reason  of  the  prohibi- 
tion ? — A.  The  prohibition  was  enacted  on  the  supposition  that  there 
was  danger  of  introducing  infectious  diseases.  Several  years  ago — I 
believe  it  was  in  1894 — ^there  were  some  alleged  cases  of  Texas  fever 
in  American  cattle  shipped  to  Hamburg.  On  the  strength  of  that 
Germany  prohibited  the  importation  of  live  cattle  from  the  United 
States,  and  these  other  countries  afterwards  took  similar  action. 

Q.  What  action  has  been  taken,  if  any,  on  the  part  of  our  Govern- 
ment to  insure  against  the  disease  of  Texas  fever  in  the  shipments 
from  this  country? — A.  The  inspection  system  of  the  Department  of 
Agriculture  is  believed  to  be  a  very  sure  preventive  of  the  exporta- 
tion of  diseased  cattle.  1  think  there  is  little  danger  of  sending 
diseased  cattle  cut  of  this  country  under  that  system. 

Q.  But  so  far  you  have  not  been  able  to  convince  those  countries 
that  there  is  no  danger? — A.  There  has  been  a  great  deal  of  corre- 
spondence between  our  Government,  through  the  State  Department, 
and  foreign  governments  on  that  subject,  but  it  has  been  very  diflScult 
to  convince  them.  I  do  not  know  whether  1  should  say  this  formally 
or  not.  I  should  like  to  say  to  the  committee,  informally,  that  it  is 
believed  to  some  extent  that  the  restrictions  put  upon  our  exports  are 
simply  a  pretext  to  keep  them  out  in  order  to  prevent  competition. 
That  is  one  reason  why  it  has  been  so  difficult  to  get  some  of  these 
restrictions  removed. 

Q.  (By  Mr.  Fakquhar.)  Is  the  action  of  Germany  traceable  to  the 
so-called  Agrarian  party,  or  the  Farmers'  party,  in  the  exclusion  of 
the  American  product? — A.  It  is  generally  believed  that  the  Agrarians 
are  back  of  all  these  movements  against  our  products,  and  that  the 
real  object  is  not  so  much  to  protect  the  German  people  from  injury 
through  disease  as  it  is  to  protect  their  products  against  competition. 
Q.  (By  Mr.  A.  L.  Harris.)  Where  is  the  estimate  of  value  placed, 
here  in  this  country  or  where  the  cattle  are  delivered? — A.  In  the  sta- 
tistics I  am  quoting  the  value  is  the  declared  value  here. 

Q.  (By  Mr.  Farquhar.)  In  the  American  custom-houses? — A.  In 
the  American  custom-houses.  I  am  now  using  United  States  statistics. 
The  Germans,  in  preparing  their  statistics  of  importation,  take  the  value 
in  their  own  ports,  based  on  the  market  price. 

LARD. 

The  next  product  I  have  on  the  list  is  lard.  The  United  Kingdom 
is  also  the  chief  market  for  our  lard,  Germany  i*anking  second.     A 
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large  part  of  the  lard  is  sent  to  those  two  countries.  During  the 
period  1894r-1898  the  United  Kingdom  annually  took  about  194,000,000 
pounds  on  the  average,  the  value  being  about  $13,000,000.  Germany 
took  during  the  same  period  about  144,000,000  pounds,  valued  at 
$9,000,000.  The  United  Kingdom's  proportion  of  our  total  lard  exports 
was  36  per  cent  and  Germany's  27  per  cent.  We  also  shipped  consid- 
erable lard  to  the  Netherlands  and  Belgium.  The  average  yearly  ship- 
ment to  the  Netherlands  was  about  46,000,000  pounds,  with  a  value  of 
$3,000,000;  that  to  Belgium  was  about  33,000,000  pounds,  valued  at 
about  $2,000,000.  The  Netherlands  took  about  8  per  cent  and  Belgium 
about  6  per  cent  of  the  total.  Among  other  countries  to  which  we 
shipped  in  lesser  quantities  were  Cuba,  France,  Brazil,  and  Denmark 
Q.  (By  Senator  Kyle.)  What  percentage  did  France  take? — ^A. 
France  took  about  6  per  cent. 

FBANCB  Afl  A  MABKBT. 

Q.  In  your  list  of  destinations  you  mention  England,  Germany, 
Belgium,  and  the  Netherlands,  and  seldom  ever  include  France  among 
them.  What  is  the  reason  that  France  consumes  such  a  small  proportion 
of  American  products?  Do  they  produce  largely  in  all  these  lines?— 
A.  France,  of  course,  is  to  a  very  large  extent  an  agricultural  nation, 
producing  from  its  own  soil  an  abundant  food  supply,  and  so  we  have 
always  found  it  difficult  to  market  our  agricultural  products  there. 
The  difficulty  is  increased  by  rather  stringent  tariff  legislation  enacted 
in  the  interests  of  French  agriculture.  I  think  there  is  also,  to  a  cer- 
tain extent,  a  prejudice  in  France,  as  in  Germany,  against  some  Amer- 
ican products,  especially  meat  products.  At  any  rate,  it  has  been  tiie 
history  of  the  trade  that  the  French  have  not  taken  their  proportion 
of  our  meat  products. 

Q.  Not  even  considering  the  question  of  obstruction? — A.  I  think 
not. 

H0G6. 

Q.  You  bring  in  the  hog  before  you  get  through,  do  you  not?  I 
would  like  to  have  that  next  to  the  lard;  the  hog  is  a  very  important 
institution  in  this  country. — A.  The  hog  is  certainly  a  very  important 
institution  in  this  country,  but  it  is  not  sent  out  alive  to  any  consider- 
able extent. 

Q.  Goes  as  pork,  of  course? — A.  It  goes  in  the  form  of  pork;  the 
packing  is  done  here.  Our  average  annual  exports  of  live  hogs  dur- 
ing the  five  years  1894r-1898  amounted  to  only  about  14,600  in  number; 
the  value  was  about  $144,000.  They  went  chiefly  over  our  borders  to 
Mexico  and  Canada.  We  sent  an  average  of  about  10,000  head  to 
Mexico,  valued  at  about  $115,000;  and  to  Canada  about  2,000  head 
valued  at  about  111,000.     We  also  exported  an  average  of  nearly  2,000 
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head  to  the  Hawaiian  Islands,  the  value  being  about  $10,000.  Of  the 
total  number  of  hogs  exported,  Mexico  received  67  per  cent,  Canada 
15  per  cent,  and  the  Hawaiian  Islands  13  per  cent. 

FRBSH   PORK. 

Our  exports  of  fresh  pork  averaged  only  a  little  over  3,000,000 
pounds  a  year,  and  went  chiefly  to  the  United  Kingdom,  the  shipments 
to  other  countries  being  inconsiderable.  The  total  value  was  about 
$220,000. 

SALTED  OB  PICKLED  PORK. 

Of  pork,  salted  or  pickled,  we  exported  about  70,000,000  pounds  a 
year,  the  value  being  about  $4,000,000.  Of  this  product  the  United 
Kingdom  took  22  per  cent,  the  amount  being  about  16,000,000  pounds 
and  the  value  c^bout  $1,000,000.  The  remaining  exports  of  salted  or 
pickled  pork  went  chiefly  to  Haiti,  Canada,  British  West  Indies,  Porto 
Rico,  British  Guiana,  and  Germany. 

Q.  Germany  comes  last  in  the  list  in  regard  to  importance  ? — A.  I 
have  named  only  the  most  important  countries;  there  are  many  other 
countries,  of  course,  of  lesser  importance. 

Q.  Is  Germany  named  in  the  order  of  importance? — A.  Yes;  they 
were  all  named  in  the  order  of  importance. 

Q.  Germany  tailing  the  list? — A.  Germany  took  a  little  over 
3,000,000  pounds  a  year  during  that  period,  the  value  being  about 
1200,000.     Germany's  share  was  less  than  5  per  cent  of  the  total. 

BACON. 

Of  bacon  we  exported  annually  about  490,000,000  pounds  on  an 
average,  and  the  value  was  about  $38,000,000.  The  United  Kingdom 
took  of  this  amount  about  77  per  cent,  or  377,000,000  pounds,  valued 
at  $30,000,000.  We  sent  31,000,000  pounds,  or  about  6  per  cent,  to 
Belgimn,  the  value  being  $2,300,000;  to  Germany  we  sent  about  5  per 
cent,  or  23,000,000  pounds,  worth  $1,600,000.  We  shipped  about 
16,000,000  pounds  to  Brazil,  or  slightly  more  that  3  per  cent,  the 
value  being  $1,200,000.  The  Netherlands  took  about  2  per  cent,  or 
11,000,000  pounds,  valued  at  $800,000.  These  five  countries  were  the 
leading  destinations. 

HAMS. 

Of  hams  we  exported  about  137,000,0(X)  pounds  a  yea;r,  the  value 
amounting  to  about  $13,700,000.  The  United  Kingdom  took  111,000,000 
pounds,  valued  at  $11,000,000,  this  being  81  per  cent  of  the  total. 
After  the  United  Kingdom,  Belgium  was  the  most  important  market, 
taking  about  8,800,000  pounds,  valued  at  $860,000,  or  about  6  per 
cent.  We  shipped  about  4,000,000  pounds  a  year  to  Cuba,  the  value 
being  $435,000;  Cuba  took  about  3  per  cent  of  the  total.  To  Germany 
13325 2 
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we  also  sent  about  4,000,000  pounds,  or  3  per  cent,  the  value  beinp: 
$383,000.  To  Canada  we  sent  about  2  per  cent,  or  3,000,000  {x>und6, 
worth  $292,000.  The  only  other  country  that  took  hams  to  the  extent 
of  1,000,000  pounds  a  year  was  the  Netherlands,  the  shipments  to  thil 
country  averaging  about  1,400,000  pounds,  or  slightly  more  than  1 
per  cent  of  the  total,  the  value  being  about  $147,000. 

OIL  CAKB. 

Another  item  I  mentioned  as  being  of  interest  because  of  the  rapid 
growth  of  its  exportation  was  oil  cake  and  oil-cake  meal.  The  exports 
are  recorded  under  two  heads,  oil  cake  and  oil-cake  meal  made  from 
cotton  seed  and  that  made  from  flaxseed  or  linseed. 

As  to  the  cotton-seed  oil  cake  or  oil-cake  meal,  we  shipped  of  this 
product  annually  during  1895-1898  about  609,000,000  pounds  on  an 
average,  the  value  being  about  $5,400,000.     It  was  sent  chiefly  to  Grer- 
many  and  the  United  Kingdom,  the  former  country  taking  about  47 
per  cent  of  the  total,  or  289,000,000  pounds,  valued  at  about  $2,600,000, 
and  the  latter  country,  the  United  Kingdom,  about  27  per  cent,  or 
165,000,000  pounds,  valued  at  $1,400,000.     After  these  two  countries 
the  most  important  market  was  Denmark,  which  took  on  an  average 
about  11  per  cent  of  the  total,  or  66,000,000  pounds,  worth  $585,000. 
To  the  Netherlands  we  sent  57,000,000  pounds,  worth  $518,000,  or 
about  9  per  cent;  to  Belgium  17,000,000  pounds,  worth  $150,000,  or 
about  3  per  cent;  and  to  France  12,000,000  pounds,  worth  $100,000,  or 
about  2  per  cent.     The  shipments  to  other  countries  were  compara- 
tively unimpoi-tant. 

Now,  taking  up  flaxseed  oil  cake  and  oil-cake  meal,  we  sent  of  this 
product  to  foreign  markets  about  377,000,000  pounds,  the  value  being 
close  to  $4,000,000.  The  United  Kingdom  received  about  48  percent, 
or  181,000,000  pounds,  valued  at  nearly  $2,000,000;  Belgium  about  36 
per  cent,  or  98,000,000  pounds,  valued  at  $1,000,000;  the  Netherlands 
about  14  por  cent,  or  54,000,000  pounds,  worth  $571,000;  and  France 
5  per  cent,  or  17,000,000  pounds,  valued  at  $172,000.  To  Germany 
we  shipped  12,000,000  pounds,  or  about  3  per  cent,  the  value  being 
$126,000.  We  also  sent  about  3  per  cent  to  the  British  West  Indies, 
which  took  11,700,000  pounds,  worth  $136,000.  These  were  the  most 
important  markets  for  flaxseed  oil  cake  and  oil-cake  meal. 

COTTON-SEED  OIL. 

I  also  mentioned  cotton-seed  oil,  stating  that  the  exports  of  this 
product  amounted  to  about  $12,000,000  in  value  for  the  year  1899. 
The  avemge  for  the  five  years  1894r-1898  was  about  $7,000,000  in  value, 
and  in  quantity  about  25,000,000  gallons.  Of  these  exjwrts,  we  sent 
to  France  6,700,000  gallons,  worth  $1,800,000,  or  about  27  per  cent  of 
the  total. 
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Q.  (By  Mr.  Kennedy.)  There  must  have  been  a  remarkable  growth 
I  the  exportation  of  cotton-seed  oil;  for  the  year  1899  you  say  it 
ras  $12,000,000,  while  the  average  for  the  five  years  1894r-1898  was 
7,000,000.  Where  did  the  increase  come;  all  along,  or  was  it  remark- 
ble  for  any  one  or  two  years? — A.  There  was  a  marked  increase  in 
898  and  1899.  There  was  a  considerable  increase  in  the  preceding 
ea^^5,  but  in  the  last  two  years  there  was  a  very  decided  increase. 
!he  quantity  exported  increased  from  27,000,000  gallons  in  1897  to 
0,000,000  gallons  in  1898  and  to  51,000,000  gallons  in  1899. 

Next  to  France  in  importance  as  a  market  for  cotton-seed  oil  comes 
he  Netherlands,  to  which  country  we  exported  during  1894-1898  an 
.verage  of  about  5,800,000  gallons  a  year,  or  about  23  per  cent,  the 
^alue  being  nearly  $1,800,000.  After  France  and  the  Netherlands, 
rhich  took  over  half  of  the  total,  the  principal  markets  were  the 
Jnited  Kingdom,  Germany,  Austria-Hungary,  Mexico,  and  Italy, 
ffe  sent  to  the  United  Kingdom  about  9  per  cent,  or  2,200,000  gallons, 
worth  $595,000;  to  Germany  about  8  per  cent,  or  2,000,000  gallons, 
i?orth  $648,000;  to  Austria-Hungary  also  about  8  per  cent,  or  nearly 
^,000,000  gallons,  worth  $572,000;  to  Mexico  about  6  per  cent,  or 
1,500,000  gallons,  worth  $336,000;  and  to  Italy  about  5  per  cent,  or 
1,300,000  gallons,  worth  $382,000.  These  were  the  only  countries  to 
which  we  sent  average  annual  exports  exceeding  1,000,000  gallons. 

OLEO   OIL. 

Another  product  for  which  I  will  give  statistics  of  distribution  is 
oleo  oil.  Our  exports  of  oleo  oil  for  the  five  years  1894r-1898  averaged 
about  110,000,000  pounds,  and  the  value  about  $8,357,000. 

Q.  (By  Senator  Kyle.)  What  was  the  avei-age  exportation  of  butter 
during  these  years,  and  also  give  the  valuation. — A.  The  average 
exportation  of  butter  was  18,764,000  pounds  and  the  value  about 
12,858,000. 

Q.  As  against  110,000,000  pounds  of  oleo  oil? — A.  Yes.  Of  these 
exports  of  oleo  oil,  the  Netherlands  took  about  60  per  cent,  the  avemge 
quantity  being  about  66,000,000  pounds  and  the  value  about  $5,000,000. 
Gennany  was  the  second  market  in  importance,  taking  23  per  cent  of 
the  total,  or  about  25,000,000  pounds,  with  a  value  of  about  $1,900,000. 
Our  exports  to  the  United  Kingdom,  which  ranked  third  as  a  mar- 
"tet,  averaged  8,000,000  pounds,  or  about  7  per  cent,  the  value  being 
W45,000.  To  Sweden  and  Norway  we  sent  about  4  per  cent,  or 
^1^20,000  pounds,  worth  $300,000,  and  to  Denmark  about  3  per  cent, 
or  nearly  3,000,000  pounds,  worth  $233,000.  Belgium  took  slightly 
^ore  than  1  per  cent,  or  1,400,000  pounds,  the  value  being  $110,000. 
Shipments  to  other  destinations  were  comparatively  small. 

The  oleo  oil  exported  to  the  Netherlands  is  used  chiefly  for  manu- 
facturing oleomargarine,  or  imitation  butter,  which  forms  an  extremely 
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impoi*tant  industry  there.     In  some  of  the  other  countries  I  hfcti 
mentioned  our  oleo  oil  is  used  quite  extensively  for  the  same  purpose 

EXPORTS  OF  DAIRY   PRODUCTS. 
DECRKASB   OF   AMERICAN   BUTTER   EXPORTS. 

Q.  (By  Mr.  A.  L.  Harris.)  You  may  state,  if  you  can,  what  effed 
this  increase  in  the  export  of  oleo  oil  had  on  the  dairy  interests  of  the 
country. — A.  I  was  about  to  refer  to  the  exportation  of  the  dairy 
products,  butter  and  cheese,  as  presenting  the  most  striking  example 
of  decline  in  our  agricultural  export  trade.  I  have  tried  to  cover  some 
of  the  most  important  instances  of  increase  in  the  products  I  have 
already  mentioned.  Butter  and  cheese  present  the  most  striking  cases 
of  loss,  and  to  illustrate  the  falling  off  that  has  occurred  I  wish  to  give 
a  few  figures  from  our  export  records.  Going  back  to  1880  we  find 
that  there  was  an  annual  export  of  nearly  40,000,000  pounds  of  but^ 
ter.  I  will  give  the  exact  figures,  which  are  39,237,000  pounds, 
valued  at  $6,691,000.  That  year  represented  about  the  height  of  our 
export  trade  in  butter.  In  1890  the  exports  were  29,748,000  pounds, 
valued  at  $4,187,000,  a  decline  of  nearly  10,000,000  pounds  for  the 
decade.  In  1895  our  exports  had  dropped  as  low  as  5,599,000  pounds, 
valued  at  $916,000.  That  was  about  the  low- water  mark  in  our  but- 
ter export  trade.  For  the  last  two  or  three  years  the  trade  has  been 
picking  up  a  little.  In  1899  we  exported  about  20,248,000  pounds, 
worth  $3,264,000. 

Q.  "(By  Senator  Kyle.)  Still  very  much  less  than  in  18901 — ^A.  Only 
about  one-half  what  we  exported  twenty  years  ago. 

CAUSES  OF   DECBKASE  OF  AMERICAN   BUTTER  EXPORTS. 

Q.  (By  Mr.  A.  L.  Harris.)  Is  that  quantity  accounted  for  solely  on 
account  of  the  increase  of  the  export  of  oleo  oil? — A.  No. 

Q.  To  what  other  cause  can  you  attribute  that  falling  off? — ^A.  Of 
course  the  increase  in  the  production  of  imitation  butter  and  its 
increased  consumption  abroad  have  naturally  affected  the  consimiption 
of  butter,  but  they  have  not  caused  this  great  falling  off  in  our  export 
trade.  In  spite  of  the  increased  consumption  of  butter  substitutes 
there  has  been  an  increased  exportation  of  butter  from  most  of  the 
dairy  countries.  They  have  increased  their  trade  while  ours  has  been 
dropping  off.  The  chief  cause  of  this  decline  is  found  in  the  unfor- 
tunate management  of  our  export  trade.  The  chief  cause  of  the  decline 
was  the  inferior  grade  of  butter  that  our  exporters  sent  to  foreign 
markets,  and  especially  to  the  United  Kingdom,  which  is  our  chief 
butter  market.  After  we  had  established  a  trade  of  considerable 
importance  and  created  a  fair  reputation  for  our  butter  in  the  foreign 
market,  unscrupulous  exporters  began  to  take  advantage  of  the  situa- 
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don  to  dispose  of  inferior  butter,  and  the  lack  of  any  Government 
jfispection  of  export  butter  in  this  country  made  it  possible  for  them 
xy  ship  almost  any  kind  of  butter.  What  I  suppose  j'ou  might  call 
uliilterated  butter — process  butter — renovated  butter — they  were  able 
to  label  as  they  pleased,  and  large  quantities  began  to  be  sent  to  the 
Bnglish  markets,  and  this  naturally  brought  the  American  butter  as  a 
prhole  into  disrepute.  I  should  have  said  in  the  first  place  that  as  a 
rale  we  did  not  send  our  best  butters  to  the  British  market;  inferior 
gii-ades  that  could  not  be  readily  disposed  of  in  our  domestic  market 
vrere  sent  abroad  in  large  quantities,  and  it  is  generally  admitted  that 
this  was  the  cause  of  the  loss  of  our  export  trade  in  butter. 

Q.  Any  recent  tariff  discriminations,  or  anything  of  that  kind? — 
A.  No.  Our  chief  market,  you  see,  is  the  United  Kingdom,  where 
butter  is  admitted  free  of  duty. 

w 

INCREASE  OF  DANISH   BUTTER  BXPORTB. 

In  contrast  to  this  decline  in  our  own  export  butter  trade  was  the 
experience  of  certain  other  butter-exporting  countries,  and  especially 
Denmark.  In  1880,  the  first  year  I  referred  to  as  regards  our  own 
exportations,  the  Kingdom  of  Denmark  exported  about  27,498,000 
pounds  of  butter,  having  a  value  of  about  $6,305,000.  By  1890  the 
Danish  exports  had  increased  to  98,373,000  pounds,  worth  $20,808,000. 
In  1898,  the  last  year  for  which  we  have  their  export  returns,  Den- 
mark exported  160,143,000  pounds,  worth  $34,576,000. 

Q.  Where  did  Denmark  find  the  market  chiefly 'if — A.  Denmark 
sends  her  butter  almost  exclusively  to  the  British  market — the  great- 
est butter  market  of  the  world.  Denmark  caters  to  that  market,  and 
makes  her  butter  with  a  special  reference  to  its  requirements.  Only 
a  very  small  per  cent  of  Danish  butter  goes  to  other  destinations. 

Q.  What  percentage  of  the  oleo  oil  does  Denmark  take? — ^A.  About 
3  per  cent. 

Q.  Our  people,  then,  have  discredited  their  own  product? — A. 
Exactly. 

OOYEENMENT  SUPERVISION   IN   DENMARK. 

The  butter  export  trade  of  Denmark  is  practically  under  Govern- 
ment supervision.  It  has  been  the  policy  of  the  Danish  Government, 
first  of  all,  to  establish  a  reputation  for  its  products  in  foreign  markets, 
and  then  to  compel  its  producers  and  exporters  to  maintain  the  high 
standard  of  those  products. 

Q.  Please  state  how  they  succeed  in  enforcing  that  requirement. 
Do  they  have  inspections  at  the  borders? — A.  Yes;  the  butter  for 
export  is  carefully  inspected,  under  the  direction  of  the  Royal  Agri- 
cultural Society,  acting  for  the  Government,  and  no  butter  is  allowed 
to  go  out  of  Denmark  that  does  not  come  up  to  the  required  standard. 
It  is  a  remarkable  fact  that  Danish  export  butter  is  all  of  one  grade. 
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The  importers  in  England  simply  give  an  order  for  so  much  ""  DanLi 
butter"  at  the  market  quotation.  This  fact  speaks  volumes  for  tk 
character  of  the  product  that  is  shipped  from  Denmark. 

Q.  (By  Senator  Kyle.)  Very  similar  to  our  buying  the  Elgin  butter 
in  this  country,  is  it  not? — A.  Somewhat  similar  to  that,  perhaps. 

VALUE  OF  QOYERNMBMT  CERTIFICATE. 

Q.  Elgin  creamery  butter — people  know  what  that  means  when  they 
ask  for  it  and  pay  for  it? — A.  Yes;  but  in  the  case  of  Danish  exported 
butter  the  British  purchaser  practically  has  a  Government  guaranty 
that  the  butter  will  be  of  a  certain  grade  and  up  to  a  certain  standard 

Q.  What  have  you  to  aay  in  reference  to  the  United  States  inspec- 
tion?— A.  We  do  not  have  any  such  thing  as  regards  export  butter, 
and  that  is  the  great  diflSculty;  that  is  exactly  what  we  need.  I  be- 
lieve we  should  have  a  system  of  Government  inspection  for  dairy 
products  similar  to  that  applied  to  our  meat  exports;  and,  in  fact,  oar 
Secretary  of  Agriculture,  Mr.  Wilson,  in  his  last  annual  report  rec- 
ommended that  such  a  system  be  established,  requiring  our  export 
butter  to  be  inspected  and  labeled  as  to  grade  and  sent  abroad  with  the 
Government  certificate  upon  it,  guaranteeing  to  the  foreign  purchaser 
that  the  butter  is  of  the  grade  claimed  by  the  exporter,  and  thus  pre- 
venting the  fraud  now  possible  in  the  exportation  of  this  product. 

Q.  And  that  it  is  butter  and  not  oleomargarine? — A.  Certainly. 

Q.  It  would  be  a  very  good  thing  if  we  could  get  the  same  guaranty 
for  the  American  consumer? — A.  Yes. 

INCREASE  OF  BUTTER  EXPORTS   FROM   CANADA. 

In  Canada  they  are  adopting  a  policy  very  similar  to  that  in  vogue 
in  Denmark. 

Q.  (By  Mr.  Kennedy.)  Where  does  the  Canadian  butter  go? — A. 
It  also  goes  chiefly  to  England. 

Q.  (By  Mr.  Fakquhar.)  How  many  years  is  it  since  Canadian  butter 
and  cheese  have  run  American  butter  and  cheese  out  of  the  English 
market? — A.  I  spoke  of  1880  as  being  within  the  period  of  our  greatest 
development  in  the  butter  trade. 

Q.  That  was  the  high- water  mark? — A.  As  regards  butter,  yes.  I 
do  not  refer  to  Canada  as  a  competitor  in  the  butter  export  trade 
especially.  It  is  in  the  cheese  export  trade  that  we  have  lost  to  Canada. 
The  Danes  have  developed  the  butter  export  business  much  more 
extensively  than  Canada,  although  latterly  the  Canadians  are  taking 
steps  to  push  their  butter  export  business,  just  as  they  have  been  doing 
with  the  cheese  export  business. 

Q.  Can  you  give  figures  to  show  how  far  the  Canadians  have  come 
into  the  United  States  market  with  butter  product,  even  as  against  the 
tariff? — A.  Only  to  a  very  small  extent.  I  have  not  the  exact  figures 
Here.     Their  total  exports  of  butter  are  not  large,  however,  although 
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hey  are  now  beginning  to  develop.  In  1899  Canada  exported  to  all 
lestinations  a]x>ut  20,000,000  pounds  of  butter,  the  value  being  about 
f8,700,OOO.  In  1890  very  little  export  business  was  done,  less  than 
),000,000  pounds  going  abroad.  The  Canadian  trade  fell  off  at  about 
ilie  same  time  as  that  of  the  United  States. 

Q.  And  fell  off  for  the  same  reason? — A.  Presumably  the  same, 
although  I  have  not  looked  into  that  matter  so  carefully. 

I  will  quote  now  the  1880  figures  for  Canada.  In  that  year  Canada 
exported  18,535,000  pounds  of  butter,  worth  about  $3,000,000.  In 
1890,  as  I  have  said,  the  shipments  dropped  to  less  than  2,000,000 
pounds,  the  value  being  only  $340,000.  In  1899,  under  the  measures 
taken  to  reestablish  the  butter  export  business,  the  amount  shipped 
came  up  to  about  20,000,000  pounds.  In  other  words,  the  Canadians 
export  about  as  much  now  as  in  1880.  That  is  the  history  of  their 
trade.  Their  efforts  to  push  the  butter  export  business  are  compara- 
tively recent,  much  more  so  than  their  efforts  to  push  the  cheese 
export  trade.  They  are  now  taking  measures  similar  to  the  Danish 
methods  to  put  their  butter  into  the  British  market,  and  that  is  one 
reason  why  it  is  very  important  for  us  to  take  some  such  measures. 

(At  this  point  the  conuuission  took  a  recess  until  2  o'clock,  and 
requested  Mr.  Hitchcock  to  continue  his  testimony  at  10  a.  m.  Friday, 
June  16,  1900,  at  which  time  the  hearing  was  continued  as  follows:) 

SUMMARY   OF  PBECSDING  TESTIMONY. 

Q.  (By  Mr.  A.  L.  Harris.)  Professor,  the  other  day  you  were  tes- 
tifying in  regard  to  the  decline  of  dairy  products.     Have  you  anything 
more  to  say  in  regard  to  the  cause  of  the  decline  in  dairy  products? — 
A.  I  called  attention  to  the  fact  that  there  was  a  very  remarkable  f all- 
iiig  off  in  our  exports  of  butter,  beginning  soon  after  1880,  when  the 
trade  had  reached  its  high-water  mark.     I  explained  that  this  decline 
WII8  largely  due  to  the  shipment  of  an  inferior  and  in  some  cases  an 
adulterated  product.     In  contrast  to  the  falling  off  in  our  own  export 
trade  in  butter  I  mentioned  the  remarkable  development  of  the  export 
trade  of  Denmark,  where  it  has  been  the  policy  to  permit  the  ship- 
nient  of  no  inferior  products.     The  Danes  started  in  to  establish  a 
reputation  for  their  butter,   and,  having  established  it,  they  took 
Pleasures  to  maintain  it,  and  the  result  has  been  the  remarkable  grrowth 
01  trade  that  I  set  forth  statistically.     I  also  mentioned  the  fact  that 
Canada  has  recently  taken  measures  to  extend  her  export  trade  in 
outter,  and  with  marked  success. 

INCBEASE  OF  BUTTER  EXPORTS  FROM   AUSTRALASIA. 

I  wish  also  to  mention  the  case  of  the  Australasian  colonies  of  Great 
"ritain.  The  butter  exports  from  these  colonies  to  the  United  King- 
*>ni}  which  is  their  chief  market,  increased  from  less  than  4,000,000 
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poundn  in  1889  to  over  40,000,000  pounds  in  1899.  In  Austnilasu 
measures  similar  to  those  carried  out  in  Denmark  have  been  adopted, 
and  results  almost  as  notable  in  the  way  of  increased  trade  have 
followed. 

INCREASE  OF  BUTTER  EXPORTS  FROM  OTHER  COUNTRIEB. 

Other  countries  that  have  developed  an  important  export  trade  in 
butter  within  the  last  decade  are  Sweden  and  Finland.  These  coun- 
tries produce  a  butter  that  is  practically  the  same  as  Danish  butter, 
and  they  are  shipping  it  now  to  the  British  market  in  increasing  quan- 
tities each  year.  I  should  explain  that  quite  a  large  quantity  of  this 
butter  from  Sweden  and  Finland  has  hitherto  gone  to  Denmark,  being 
practically  the  same  thing  as  Danish  butter,  and  a  considerable  por- 
tion of  it  has  undoubtedly  been  reexported  by  the  Danes  as  their  own 
butter,  with  which  it  is  to  all  practical  purposes  identical.  Even 
Russia  is  also  beginning  to  develop  an  export  trade  in  butter.  The 
Baltic  provinces,  especially,  are  giving  their  attention  to  this  indu^stry, 
and  are  taking  active  measures  to  develop  it — measures  similar  to  those 
taken  by  Denmark.  The  Russians  are  engaging  Danish  experts  to 
install  their  creameries  and  to  instruct  their  butter  makers.  Alreafly 
they  are  beginning  to  ship  a  high  grade  of  butter,  some  of  which  is 
sent  to  the  British  market,  and  finds  there  a  ready  sale. 

These  various  countries,  none  of  which  haa  greater  dairying  possi- 
bilities than  the  United  States,  are  thus  developing  and  widening  their 
export  trade  in  this  commodity,  while  we,  because  of  our  unbusiness- 
like methods,  have  been  losing  the  little  export  business  that  we  for- 
merly possessed.  I  believe  that  this  product  as  a  factor  in  our  export 
trade  should  receive  special  attention.  I  think  it^ would  be  profitable 
to  take  measures  to  develop  an  export  trade  in  butter. 

RECOMMENDATION    OF    INSPECTION. 

Q.  Could  that  be  best  accomplished  by  legislation,  or  do  you  think 
voluntary  associations  could  bring  about  the  result? — A.  I  think  that 
legislative  aid  would  be  of  great  assistance.  I  am  strongly  in  favor  of 
official  inspection  of  exported  butter.  I  think  that  is  the  most  feasi- 
ble plan  for  preventing  the  shipment  of  inferior  produce. 

Q.  You  would  recommend  an  inspection  similar  to  that  that  is  now 
required  for  our  meat  products? — A.  Yes;  the  same  system  could  be 
extended  so  as  to  include  butter  and  other  dairy  produce.  As  I  stated 
at  the  last  hearing,  the  Secretary  of  Agriculture  has  made  the  recom- 
mendation that  butter  and  cheese  and  milk  for  export  be  subjected  to 
an  official  inspection,  that  a  grade  be  established,  and  that  produce  that 
comes  up  to  that  grade  be  ceiiiified  to  by  the  Government  inspector, 
labeled,  and  the  Government  certificate  placed  upon  it  as  a  guaranty 
to  the  foreign  importer  of  its  quality.  Such  a  measure  is  very  strongly 
reconmiended  by  the  Department,  and  I  think  that  it  would  meet  with 
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the  approval  of  the  dairying  industry.  Some  inquiries  have  been  made 
in  this  regard  and  the  general  feeling,  as  far  as  tested,  seems  to  be  in 
favor  of  Government  inspection  for  these  products. 

DANISH    METHODH    WITH    BUTTER. 

Q.  (By  Mr.  Farquhar.)  Are  you  through  with  the  butter? — A.  Not 
fully. 

Q.  Has  the  Department  of  Agriculture  made  any  investigation  as  to 
the  process  of  manufacturing  butter  in  Dennaark  and  Sweden  in  com- 
parison y^iih.  America  and  Canada? — A.  Yes. 

Q.   Have  you  any  sufficient,  obtainable  reports  to  show  the  difference 
in  the  quality  of  the  milk  and  cream  that  enters  into  the  manufacture 
of  the  butter? — A.  Several  years  ago  the  Department  sent  a  special 
i^ent  to  Denmark  to  investigate  the  dairying  industry.     The  agent  was 
conunissioned  toward  the  close  of  Secretary  Rusk's  administration,  as 
I  remember.     He  went  to  Denmark  and  spent  several  months  there 
investigating  the  dairy  methods,  and  afterwards  made  a  very  thorough 
and  comprehensive  report,  which  was  published  in  the  last  Adminis- 
tration.    The  Department  has  not  made  similar  investigations  in  the 
other  countries  you  have  mentioned. 

Q.  Was  the  Denmark  manufacture  at  that  time  as  far  progressed  as 
it  is  noTv,  as  perfect? — A.  Probably  not  as  perfect,  because  the  Danes 
are  perfecting  their  system  every  year,  but  it  had  reached  a  condition 
that  made  it  rank  as  the  foremost  in  the  world.  The  Danes  are 
regarded  as  the  pioneers  to  a  certain  extent  in  butter  production  by 
modern  methods.  They  have  been  the  models,  not  only  as  regards 
production,  but  as  regards  export  methods,  for  these  various  other 
countries  I  have  mentioned — these  countries  that  are  now  developing 
very  rapidly  an  export  trade  in  butter. 

Q.  Do  you  know  whether  the  Danish  butter  is  made  from  the  sour 
cream  or  just  simply  from  the  milk  after  having  extracted  the  cream 
from  it,  what  we  call  the  body  of  the  milk? — A.  1  am  not  an  expert  in 
the  dairv  business,  but  I  understand  that  the  Danish  butter  is  made 
almost  altogether  from  pasteurized  cream;  a  very  large  percentage  of 
the  Danish  butter  is  pasteurized,  and  to  that  fact  is  attributed  its 
remarkable  uniformity. 

Q.  In  other  words,  it  is  a  cream  butter? — A.  Oh,  yes;  it  is  a  cream 
butter. 

OPPORTUNITY    FOR   INCREASING    AMERICAN   BtPTTER   EXPORTS. 

Q.  Is  it  possible  under  any  inspection  for  the  American  butter  to 
compete  with  the  cream  butter  of  Europe  ?  Has  the  Department  dis- 
covered that,  or  has  it  gone  into  the  investigation  of  it? — A.  The 
Department  thinks  it  is  possible  for  us  to  put  a  butter  into  the  British 
niarket  that  is  equal  in  quality  to  the  Danish. 

Q.  Certainly,  provided  that  they  take  the  same  class  of  cream  to 
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make  the  butter,  hut  no  other  way? — A.  Of  course,  it  goes  without 
saying  that  they  would  have  to  use  an  equally  good  material. 

Q.  Is  it  not  a  fact  that  you  have  investigated' that  really  the  Ameri- 
cans are  putting  a  butter  there  that  has  not  the  full  fatty  substance  of 
butter  and  is  not  perhaps  equal  to  the  cream  butter  of  Europe,  to  the 
English,  Scotch,  Irish,  or  Danish? — ^A.  In  the  past  that  was  the  great 
difficulty  with  our  export  trade.  Our  butter  was  often  of  an  inferior 
quality.     That  can  not  be  denied. 

Q.  Inspection  would  not  improve  it? — A.  Inspection  would  not 
improve  the  inferior  butter,  but  the  idea,  as  I  understand  it,  is  to 
establish  a  high  grade.  Butter  that  reaches  that  grade  will  carry  a 
certificate.  Inferior  butter  will  go  without  a  certificate:  The  foreign 
importer,  knowing  that  we  are  certifying  to  the  grade  of  high-class 
butter,  will  naturally  demand  butter  bearing  such  certificate.  The 
inferior  butters  will  therefore  be  at  a  great  disadvantage.  At  present 
they  are  not  at  such  a  disadvantage,  for  the  reason  that  neither  the 
inferior  nor  the  best  butter  beai*s  any  distinctive  label  or  anything  to 
guarantee  that  one  is  inferior  and  the  other  high  grade. 

UNIFORM   QUALITY   OF   DANISH   BUTTER. 

Q.  All  the  Danish  butter  is  labeled  in  the  London  market? — ^A.  All 
the  Danish  butter  that  is  exported  is  of  a  certain  grade,  a  high-grade 
butter.  It  is  called  Danish  butter;  it  is  purchased  in  England  simply 
as  Danish  butter.  The  English  buyer  merely  orders  so  many  pounds 
or  casks  of  Danish  butter,  and  that  is  the  extent  of  the  contract.  He 
pays  the  price  quoted  in  the  market  on  the  day  of  his  purchase. 

PRICES   OF  BUTTER   IN   ENGLAND. 

Q.  Are  you  aware  that  there  is  a  very  wide  difference  in  the  price 
of  butters,  between  the  high-grade  British  and  Danish  and  the  ordi- 
nary American  and  Canadian  ? — A.  There  is  a  difference  of  3  or  4  cents 
a  pound. 

Q.  Do  you  mean  pennies  or  cents? — A.  I  mean  cents;  I  am  quoting 
in  United  States  money.  There  is  a  difference  of  3  or  4  cents  a  pound. 
The  import  price  in  England  of  Danish  butter  in  1899  was  23  cents  a 
pound.  That  was  the  average  import  price  of  all  the  Danish  butter 
sent  into  the  United  Kingdom  during  the  calendar  year  1899. 

Q.  That  is  what  is  called  11  pence  half-penny  a  pound,  British 
figures? — A.  The  price  avei*aged  22.95  cents  for  the  entire  year,  but 
the  quotation  would  naturally  vary  somewhat  from  day  to  day. 

For  the  same  year,  the  calendar  year  1899,  the  butter  imported  into 
the  United  Kingdom  from  the  United  States  averaged  19.2  cents  per 
pound,  and  the  Canadian  butter  imported  into  the  United  Kingdom 
averaged  19.4  cents  per  pound.     In  that  year  the  Canadian  brought  a 

ifle  more  than  the  United  States  butter;  but  you  see  there  is  a 
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diiference  of  nearly  4  cents  between  the  price  of  the  Danish  and  the 
United  States  and  Canadian  butter. 

Q.  Is  it  not  also  a  fact  that  the  Danish  butter  holds  its  price  in  the 
market  almost  against  any  changes,  and  it  is  a  very  high  price,  while 
there  are  fluctuations  in  the  butter  that  comes  from  the  United  States 
and  Canada  ? — A.  The  Danish  butter  is  noted  because  of  its  unifoiinity ; 
the  high  price  is  unifoiinly  maintained.  I  do  not  mean  to  say  that  the 
same  price  is  maintained,  but  I  mean  to  say  that  Danish  butter  has  a 
high  price  always,  as  compared  with  the  price  of  other  butter.  The 
Danish  butter  brings  the  highest  price  of  any  butter  imported  into  the 
United  Kingdom,  except  the  fresh  butter.  The  fresh  butter  that 
comes  in  from  Normandy  brings  a  higher  price,  of  course,  but  that  is  a 
peculiar  trade.  The  Normandy  butter  comes  in  within  twenty-four 
hours  from  the  chum,  and  is  perfectly  fresh.  It  is  unsalted,  while 
the  Danish  butter,  like  the  other  imported  butters,  is  a  salted  butter. 

EXPORTS  OF  CHBBBE   FROM   THE  UNITED   STATES  AND   FROM   CANADA. 

Q.  (By  Mr.  A.  L.  Harris.)  Do  the  same  conditions  exist  in  regard 
to  cheese,  substantially,  that  you  have  described  in  regard  to  butter? — 
A.  In  our  exportation  of  cheese  we  have  had  practically  the  same 
experience  as  that  described  for  our  butter  export  trade.     In  1881  our 
exports  of  cheese  reached  the  highest  figures  ever  attained,  amounting 
to  147,996,000  pounds,  having  a  value  of  $16,380,000.     From  that  time 
the  exports  declined.     In  1890  they  had  fallen  to  95,376,000  pounds, 
valued  at  $8,591,000;  and  in  1899  they  amounted  to  only  38,199,000 
pounds,  valued  at  $3,316,000.     During  the  past  twenty  years  there  was 
a  loss  of  over  100,000,000  pounds  in  our  export  trade  in  cheese,  and 
the  reason  for  this  was  essentially  the  same  as  that  given  for  the 
decline  in  our  exportation  of  butter,  namely,  the  shipment  of  an 
inferior  product,  chiefly  the  shipment  in  large  quantities  of  so-called 
filled  cheese.     Soon  after  1880  it  became  the  practice  to  export  filled 
cheese.     This  adulterated  product  was  sent  abroad  in  the  guise  of  first- 
class  or  full-cream  cheese.     The  result  was  that  the  British  purchaser 
very  soon  discovered  that  he  was  being  defrauded.     The  inferior 
quality  of  the  filled  cheese  soon  became  known  in  the  British  market 
and  our  trade  began  to  fall  off.     Our  export  trade  in  cheese  was  lost 
to  Canada,  where  measures  were  taken  to  prevent  such  an  experience. 
The  Canadian  government  not  only  prevented  the  manufacture  of 
filled  cheese,  but  took  measures  to  improve  the  quality  of  the  Canadian 
product  and  to  secure  its  ready  sale  in  the  British  market.     They  saw 
an  opportunity  to  establish  a  trade  when  that  of  the  United  States 
began  to  fall  off,  and  they  made  the  most  of  it,  as  is  shown  in  a  strik- 
ing manner  by  their  export  figures.     In  1880  Canada  shipped  abroad 
40,369,000  pounds  of  cheese,  valued  at  $3,893,000.     In  1890  the  trade 
had  increased  to  94,260,000  pounds,  having  a  value  of  $9,372,000. 
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During  the  past  year,  1899,  the  exports  of  cheese  from  Canada  reached 
the  enormous  total  of  189,828,000  pounds,  having  a  value  of  $16,777,<)00. 
In  the  space  of  twenty  years  the  Canadians  increased  their  shipments 
from  about  40,000,000  to  nearly  190,000,000  pounds. 

CAUSE  OF   INCREASE  OF  CANADIAN  CHEBBB  EXPOBTB. 

Q.  How  do  you  account  for  that  enormous  increase  on  the  part  of 
the  Canadian  export  of  cheese  ? — A.  That  increase  is  accounted  for  very 
largely  by  measures  taken  by  the  Canadian  government  to  develop  the 
cheese  industry  and  to  establish  an  export  trade.  The  Canadian  go7- 
ernment  began  by  helping  the  manufacturers.  It  gave  liberal  bonuses 
for  the  building  of  factories  and,  under  the  supervision  of  the  ministry 
of  agriculture,  established  a  system  of  instruction  and  inspection  that 
brought  about  a  rapid  improvement  in  the  methods  of  cheese  produc- 
tion. As  the  surplus  above  domestic  requirements  increased,  the  gov- 
ernment took  measures  to  place  that  surplus  in  the  foreign  market  by 
securing  for  the  exporters  favorable  transportation  facilities.  And 
while  I  am  discussing  what  has  been  done  by  the  Canadian  government 
for  the  cheese  export  trade,  I  wish  to  include  also  the  export  trade  in 
butter,  because  the  measures  taken  by  Canada  for  the  shipment  of 
butter  and  cheese  naturally  go  hand  in  hand. 

INSPECTION   OF  CHEESE   FOR  EXPORT. 

Q.  There  is  a  possibility,  then,  of  having  a  system  of  inspection  that 
would  insure  a  pure  cheese  ? — A.  The  inspection  system  that  I  spoke  of 
would  be  particularly  valuable  in  the  case  of  cheese,  for  the  reason 
that  no  filled  cheese  would  go  out  as  honest  cheese  under  the  Govern- 
ment certificate.  The  probability  is  that  after  the  system  of  inspection 
had  become  introduced  the  filled  cheese  exported  woula  be  at  such  a 
great  disadvantage  without  a  certificate  that  it  could  not  maintain  its 
market  as  it  does  now. 

Q.  Would  this  inspection  be  at  the  factory? — ^A.  The  inspection 
would  probably  be  in  part  at  the  factory,  just  as  the  meat  inspection  is 
in  part  at  the  packing  house. 

DEVELOPMENT  OF   BUTTER   EXPORTS   BY  CANADA. 

I  said  that  the  Canadian  government  has  assisted  in  the  establish- 
ment of  cheese  factories  by  giving  liberal  bonuses,  and  I  can  also  say 
that  it  has  done  the  same  as  regards  the  manufacture  of  butter.  It 
has  not  only  done  that,  but  it  has  established  a  system  of  cold-storage 
transportation  from  the  factory  or  the  creamery  to  the  foreign  market 
The  measures  for  the  development  of  the  butter  export  trade  began  to 
be  taken  in  1895, 1  think.  The  Canadian  government  offered  a  bonus 
of  $100  to  creameries  that  should  install  and  maintain  cold-storage 
facilities  in  connection  with  their  creameries.     This  $100  was  to  be 
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paid  during  a  period  of  three  years,  $50  the  first  year,  $25  the  second, 
and  $25  the  third.    The  government  also  secured  cold-storage  facilities 
upon  railroads,  so  that  the  butter  after  being  cooled  at  the  creamery 
would  g-o  directly  into  a  refrigerator  car  for  safe  transportation  to  the 
point  of  ocean  shipment.     At  the  terminal  of  the  railroad  the  govern- 
ment established  a  cold-storage  warehouse  in  order  that  the  butter 
could  be  safely  kept  between  the  time  of  reaching  the  railway  terminal 
and  the  loading  upon  the  ship.     The  government  also  secured  refrig- 
eration service  on  steamship  lines  to  the  British  ports.     This  cold- 
storage  system  was  installed  according  to  instructions  prepared  by  the 
department  of  agriculture,  and,  in  some  cases  at  least.  Parliament 
defrayed  the  expense  of  installation.     To  give  the  trade  a  start,  the 
government  contracted  with  the  steamship  companies  for  cold-storage 
space,  put  in  the  necessary  refrigerator  chambers,  and  then  guaranteed 
to  the  steamship  company  the  full  freight  charges  for  the  service. 
Under  these  conditions  very  favorable  transportation  rates  were  pro- 
cured, and  as  the  initial  expense  was  borne  partly  by  the  government, 
it  was  possible  for  the  Canadian  producers  to  send  their  daiiy  products 
to  the  British  market  at  very  low  rates.    In  this  manner  a  great  induce- 
ment to  exportation  was  offered. 

The  government  also  watched  very  carefully  the  quality  of  the 
product  shipped,  issued  instructions  as  to  methods  of  packing,  brand- 
ing, labeling,  etc.,  and,  in  fact,  practically  supervised  the  entire 
exportation.  Numerous  trial  shipments  were  also  made  by  the  gov- 
ernment, the  government  purchasing  the  produce  and  sending  it  over 
and  disposing  of  it  through  its  own  agents  abroad.  I  might  mention, 
too,  that  other  than  dairy  products  were  shipped  experimentally. 
Canadian  fruits,  for  instance,  were  sent  abroad  in  trial  shipments. 

BZPERIMBNTAL  SHIPMENTS  OF  BDTTEB. 

Q.  (By  Mr.  Kennedy.)  Is  it  your  belief  that  if  America  is  to  com- 
pete with  Canada  for  this  trade  in  foreign  markets  we  must  copy  the 
methods  of  the  Canadian  governnient? — A.  I  do  not  think  that  it  will 
be  "necessary  for  us  to  do  what  the  Canadian  government  has  done  as  a 
whole.     The  Canadian  government  has  gone  pretty  far  in  the  matter. 
1  believe  that  if  the  trade  can  once  be  given  a  fair  start  and  the  Ameri- 
can producer  convinced  that  there  is  a  profit  in  it  the  facilities  will  be 
forthcoming.     The  producers  themselves  will  take  the  necessary  action 
to  get  the  required  transportation  facilities.     But  first  of  all  it  is 
important — ^it  is  necessary — to  show  that  there  is  a  possibility  of 
^tablishing  such  a  trade  on  a  profitable  basis.     The  initial  experi- 
ments can  very  properly  be  made  by  the  Government;  and,  in  fact, 
they  are,  in  a  small  way,  now  being  inaugurated.     The  United  States 
Department  of  Agriculture,  by  direction  of  Secretary  Wilson,  has 
Wn  making  experimental  shipments  of  butter  during  the  last  two  or 
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three  yeai-s,  and  with  considerable  success.  We  began,  in  181*7,  to 
send  high-grade  American  butter  in  small  lots  to  the  British  market 
The  Department  purchased  this  butter  from  leading  creameries  in  sev- 
eral States.  In  1897,  lots  were  procured  from  eleven  different  Statea^ 
I  believe,  such  creameries  being  chosen  as  had  made  a  favorable  repu- 
tation for  their  butter.  Under  directions  from  the  Department,  thU 
butter  was  put  up  in  the  form  thought  to  be  best  suited  to  the  require- 
ments of  the  British  market,  not  only  as  regards  quality  but  as  regards 
packing.  The  butter  preferred  in  the  British  market  is  a  mild  butter, 
lighter  than  ours  in  color,  and  with  less  salt,  and  the  butter  sent 
abroad  was  so  made.  It  was  packed  in  a  variety  of  packages,  exjjeri- 
mentally,  in  order  to  ascertain,  as  far  as  possible,  what  packages  would 
be  most  desirable  for  future  use.  Ajs  a  result  of  the  experiments*  in 
the  first  year,  the  Department  adopted  for  subsequent  shipments  a 
cubical  box  similar  to  the  Australian  box,  but  tapering  slightly  from 
top  to  base,  in  order  to  facilitate  unpacking  the  butter.  Aside  from 
the  taper  it  is  identical  in  size  and  shape  with  the  standard  Australian 
box  that  is  in  such  favor  in  the  British  market. 

Trial  exports  have  been  continued  during  the  past  year,  some  of  the 
shipments  going  to  new  destinations.    Butter  has  recently  been  shipped 
to  the  Orient  to  some  extent.    Experimental  shipments  were  firet  sent 
to  London,  then  to  other  English  cities,  and  later  to  Paris.     It  is,  of 
course,  ooly  the  beginning  of  experimentation  in  this  line,  but  I  think 
I  can  say  that  the  result  has  been  on  the  whole  highly  satisfactory. 
We  have  convinced  the  British  butter  merchants,  to  some  extent  at 
least,  that  a  high  grade  of  butter  can  be  made  in  the  United  States, 
butter  that  is  equal  to  the  best  butters  imported  from  other  countries. 
That,  of  course,  was  the  chief  object  of  the  experiment — ^to  show  the 
British  consumer  that  all  American  butter  was  not  inferior,  but  that,  on 
the  contrary,  we  were  making  here  a  first-class  article.     These  experi- 
mental shipments  of  butter  will  probably  be  extended,  and  further 
beneficial  results  are  hoped  for. 

ARTIFICIAL   BUTTER   IN   EUROPE. 

Q.  I  infer  from  what  you  said  the  other  day  about  the  large  ship- 
ments to  the  Netherlands  of  certain  ingredients  which  entered  into  the 
manufacture  and  composition  of  imitation  butter  that  there  must  be  a 
large  manufacture  of  imitation  butter  at  certain  points  in  Europe. 
Can  you  say  where  that  imitation  butter  finds  a  market? — A.  The 
manufacture  of  oleomargarine,  or  artificial  butter,  is  carried  on  most 
extensively  in  the  Netherlands.  The  exports  from  the  Netherlands 
exceed  100,000,000  pounds  a  year.  Of  these  exports  by  far  the  largest 
part  goes  to  the  United  Kingdom,  while  the  remainder  is  distributed 
^uite  generally  over  Europe  and  also  to  some  extent  through  tropical 

mtries. 
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EXTENT  OF  BRITISH   DEMAND   FOR  BUTTER. 

Q.   So  that  there  is  a  demand  for  that  artificial  butter  in  Europe? — 
A.  Artificial  butter  is  used  now  quite  extensively  in  Europe.     It  is 
probably   used    most    extensively  in   England  and    Germany,  but, 
although  the  manufacture  of  artificial  butter  has  increased  very  largely, 
the  consumption  of  real  butter  has  also  increased.     There  is  a  more 
general  use  of  butter  throughout  the  world.     The  poorer  classes  of  the 
people  are  beginning  to  use  it  much  more  than  formerly,  and  for  that 
reason  the  production  of  oleomargarine  has  not  destroyed  the  market 
for  butter.     The  United  Kingdom,  of  course,  is  the  important  butter 
market  of  the  world,  and  to  show  you  what  has  been  the  increase  of 
the  demand  in  that  market  I  will  quote  some  statistics  I  have  on  the 
subject.     In  1886,  which  is  the  first  year  for  which  we  can  give  sep- 
arate statistics  of  the  imports  of  butter  into  the  United  Kingdom 
(prior  to  that  year  butter  substitutes  were  grouped  with  butter,  oleo- 
margarine being  included  in  the  butter  imports  as  recorded;  we  can 
not  divide  them  prior  to  1886),  the  imports  of  butter  into  the  United 
Kingdom  from  all  sources  amounted  to  about  173,000,000  pounds.     In 
1899  the  imports  of  butter  into  the  United  Kingdom  amounted  to  about 
380,000,000  pounds.     Thus  in  a  period  of  fifteen  years  the  demand  of 
the  British  market  for  imported  butter  more  than  doubled.     Practi- 
cally each  one  of  the  past  fifteen  years  has  shown  a  marked  increase 
in  the  imports  of  butter  into  the  United  Kingdom.     The  increasing 
exports  from  the  various  countries  that  I  have  mentioned  as  showing 
rapid  development  are  chiefly  due  to  this  growing  demand  of  the 
British  market.     Those  countries  are  supplying  this  demand — they 
send  their  butters  to  Great  Britain  almost  exclusively.     It  is  the  great 
butter  market  of  the  world. 

LACK   OF  COLD-BTORAGE  FACILITIBS. 

Q.  (By  Mr.  A.  L.  Harris.)  In  the  experiments  in  shipping  that  you 
are  making  in  the  Department,  do  you  find  the  necessary  conditions 
or  facilities  for  cold  storage? — A.  There  are  excellent  facilities  on  the 
railways  of  the  United  States.  We  have  probably  the  best  cold-storage 
transportation  facilities  by  rail  of  any  country,  but  there  is  a  lack  of 
sufficient  accommodations  on  the  ocean  steamships.  The  cold-storage 
chambers  on  the  steamships  plying  between  the  United  States  and 
Europe  are  veiy  largely  monopolized  by  the  meat  interests.  They  are 
contracted  for  and  controlled  by  the  packers.  The  meat  exporters 
take  measures  to  procure  the  amount  of  space  required  for  their  trade 
and  the  necessary  refrigeration  facilities,  but  aside  from  that  industry 
there  is  not  suflScient  cold-storage  service,  and  it  has  been  found  diffi- 
cult at  times  in  our  experimental  shipments  to  get  the  facilities  needed. 
That  is  one  thing,  of  course,  that  would  have  to  be  remedied.     Another 
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great  difficulty  is  the  lack  of  cold-storage  facilities  at  the  docks.  One 
of  the  chief  dangers  in  shipping  butter  and  other  perishable  producfc 
is  that  they  will  arrive  at  the  port  of  shipment  some  time  in  advanee 
of  the  sailing  time  and  become  damaged  during  the  wait.  We  n^ 
cold-storage  facilities  at  the  docks,  so  that  products  that  are  brougbl 
on  the  refrigerator  cars  can  be  transferred  at  once  into  cold  storage, 
awaiting  the  time  when  they  can  be  put  aboard  ship. 

Q.  Have  you  anything  further,  on  the  subject  of  dairy  products  f — 
A.  I  should  like  to  say  that  practically  the  same  measures  that  have 
been  taken  by  Canada  for  the  development  of  an  export  trade  in  dairy 
products  and  in  other  perishable  products  have  been  taken  within  the 
last  few  yeai's  by  the  Australasian  colonies. 

Q.  Do  you  think  it  would  be  advisable  for  the  Government  to  give 
some  attention  to  this  question  of  proper  facilities  for  shipment  i — A 
I  do  most  assuredly  think  it  would  be  well  for  the  Government  to  take 
some  measures.  1  do  not  know  that  it  would  be  best  for  the  Govern- 
ment to  provide  cold-storage  and  cold  transportation  facilities,  as 
Canada  has  done,  but  I  think  that  the  Government  can  verv  well  in 
an  advisory  capacity  make  recomjnendations,  and  I  do  think  that 
the  Government  should,  first  of  all,  take  into  its  hands  the  matter  of 
inspection.  I  think  that  is  the  most  important  measure  to  be  taken, 
so  as  to  prevent  inferior  and  fraudulent  produce  going  abroad  under 
false  colors,  as  is  now  possible. 

EXPOBTS  OF  6BAIN. 

Q.  You  touched  the  other  day  upon  the  subject  of  the  grain  export. 
Have  you  anything  additional  to  say  in  regard  to  conditions  favorable 
or  unfavorable  for  the  expoi*tation  of  grain  ? — A.  Within  the  last  few 
years  many  complaints  have  been  made  in  foreign  ports  as  regards  the 
condition  in  which  some  of  our  grain  arrives.     The  grains  that  have 
been  complained  of  chiefly  are  indian  corn,  wheat,  rye,  and  barley. 
Complaints  have  been  made,  as  regards  indian  corn,  that  in  many  cases 
that  grain  has  reached  the  European  port  in  a  damaged  condition, 
caused  by  sweating.     It  has  been  claimed  that  much  moldy  grain  has 
come  into  European  ports,  and  not  only  that,  but  to  some  extent  it 
has  been  claimed  that  grain  of  a  grade  inferior  to  that  of  the  certificate 
upon  which  it  was  purchased  has  been  received.     As  a  rule,  our  grain 
is  sold  on  the  certificates  of  inspection  that  are  furnished  by  the  boards 
of  tirade  and  chambers  of  commerce  at  the  ports  of  shipment  in  the 
United  States.     The  foreign  importer  contracts  for  the  grain  on  the 
strength  of  that  certificate,  and,  under  the  rules  adopted  by  our  com- 
mercial bodies  that  inspect,  the  certificate  is  conclusive.     The  importer 
who  has  bought  a  cargo  of  grain  upon  the  certificate  issued  by  one  of 
our  boards  of  trade  pi-actically  has  no  redress  if,  to  his  idea,  the  graio 
does  not  correspond  to  the  grade  that  is  certified  to  by  the  inspector. 
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LACK    OF    I'NIPOUM    INSPECTION. 


It  may  be  that  there  is  some  carelessness  in  the  inspection  of  export 
frain  in  the  United  States,  but  from  what  attention  I  have  given  to 
he  matter  I  am  inclined  to  think  that  the  complaints  ba.sed  on  the 
fround  of  fraud  are  mostlv  unfounded.  Unfortunatelv,  the  methods 
►f  inspection  in  vogue  in  the  United  States  lack  uniformity.  Each 
loard  of  trade  or  chamber  of  commerce  adopts  its  own  rules  of  inspec- 
ion  and  its  own  regulations  for  grading.  In  most  cases  the  grades 
ire  changed  somewhat  from  year  to  year,  following  the  average  con- 
lition  of  the  crop,  but  the  changes  made  at  the  several  ports  are 
lot  alwavs  unifomi.  The  result  is  that  the  certificates  issued  at  dif- 
lerent  ports  do  not  always  mean  exactly  thesame  thing.  Suppose,  for 
nstance,  an  importer  buys  a  cargo  of  corn  shipped  from  Baltimore 
ind  certified  to  be  No.  2  mixed  corn,  sail  grade,  and  then  a  little  later 
buys  a  cargo  shipped  from  Galveston,  Tex.,  bearing  the  same  certified 
^de,  and  it  so  happens  that  owing  to  different  standards  of  inspec- 
tion the  one  cargo  differs  somewhat  in  quality  from  the  other.  The 
impoi-ter  who  has  received  one  certified  grade  and  then,  under  a 
similar  certificate,  receives  an  inferior  quality,  not  understanding  the 
conditions,  would  naturally  feel  that  the  second  consignment  fell  short 
of  the  standard  called  for  by  its  certificate. 

Q.  Is  it  possible  to  fix  a  standard  grade  for  all  the  ports  of  the 
Tnited  States  f — A.  I  believe  that  it  would  be  possible. 

Q.  Have  an}'  steps  .l)een  tiiken  in  that  direction  ? — A.  Not  so  far  as 
I  am  aware. 

Q.  If  so  fixed,  would  it  not  be  much  to  the  benefit  of  the  exporter 
from  this  countrv  i — A.  I  believe  that  it  would  be.  If  we  could  have 
a  uniform  system  of  grading  for  all  ports  of  shipment,  so  that  this 
variation  could  not  arise  under  proper  inspection,  I  think  it  would  be 
a  great  advantage  to  the  export  ti'ade. 

Q.  (By  Mr.  Farquhar.)  Do  not  all  the  boards  of  trade  in  the  United 
States  endeavor  to  conform  to  the  Chicago  inspection  and  grade  or  the 
New  York  inspection  and  grade  in  those  two  markets  at  fixed  prices  ? — 
A.  In  a  general  way,  of  course,  the  great  ports  are  followed,  but  as  a 
niatter  of  fact  they  are  not  followed  absolutely.  Grain  inspection  is 
W,  of  course,  at  practically  all  of  the  ports.  A  great  deal  of  grain 
IS  now  shipped  from  our  Southern  ports,  such  as  Galveston,  New 
Orleans,  and  Newport  News,  and  the  commercial  organizations  that 
control  the  inspection  there  establish  their  own  rules  of  grading,  and 
these  niles  sometimes  differ  slightly  from  those  in  force  at  New  York 
and  Chicago.  We  made  inquiries  recently  in  regard  to  that  very  mat- 
ter, and  from  the  replies  received  at  the  Department  it  is  evident  that 
there  is,  in  a  number  of  cases,  an  appreciable  difference  between  the 
P^des  established  in  a  given  year  at  the  several  ports. 
Q'  You  are  speaking  of  the  changes  that  occur  there  in  grading. 
13325 3 
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Do  not  these  changes  nearly  always — in  90  per  cent  of  the  case^ — ocear 
through  the  difference  of  the  character  of  the  crops  of  the  season  ;— 
A.  Where  changes  are  made  they  are  supposed  to  be  based  upon  that 
very  thing. 

Q.  It  is  not  an  arbitrary  thing  on  the  part  of  the  inspector  of  the 
board  of  trade  at  all,  but  it  is  simply  that  the  very  grain  that  come? 
out  of  the  very  section  in  one  year  will  be  graded  possibly  below  or 
above  what  it  was  the  year  before? — A.  Exactly.  The  grades  are 
based,  of  course,  on  the  average  crop;  but  the  changes  in  the  average 
crop  are  not  followed  as  carefully  in  some  portis  as  in  others.  AVe  had 
replies  from  some  ports  indicating  that  the  grades  established  ther? 
remain  practically  the  same  from  year  to  year. 

Q.  They  do  on  winter  wheat,  for  instance;  they  hardly  ever  change. 
But  will  you  not  find  always  a  great  many  changes  there  in  the  spring 
wheat  because  the  climatic  changes  are  so  much  different? — A.  The 
changes  in  grading  are  most  noticeable  in  corn,  of  course.  I  do  not 
think  that  the  changes  in  wheat  are  so  marked  as  the  changes  in  corn- 
It  has  been  chiefly  the  corn  against  which  these  complaints  have  been 
made  on  the  ground  of  grading. 

INSPECTION  CERTIFICATB. 

You  spoke  of  the  official  certification.^  Now,  that  is  another  matter 
that  1  am  glad  you  have  suggested,  for  it  has  caused  a  great  deal  of 
misapprehension  abroad.  The  certificates  issued  by  our  boards  of 
trade  and  chambers  of  commerce  usually  bear  the  inscription,  "Official 
inspection  certificate."  The  importers  abroad  quite  generally  under- 
stand that  to  mean  official  as  applying  to  the  Government.  I  find 
abroad  a  general  impression  that  our  certificates  are  Government  cer- 
tificates. 

Q.  And  yet,  practically,  they  are  just  as  good  as  Government  cer- 
tificates, are  they  not? — A.  Well,  that  is  a  question. 

Q.  Well,  did  you  ever  find  a  board  of  trade  that  did  not  select  the 
very  best  men  that  could  be  found  there  as  inspectors?  Merit  and 
not  favoritism  rules  in  ever^^  case  of  that  kind,  considering  the  millions 
of  money  that  are  involved  in  the  exchanges  and  boards  of  trade. — ^A- 
That  is  a  very  general  question.  I  am  not  criticising  our  inspection 
system  as  a  whole,  because  I  think  it  is  a  remarkabl}'^  good  one  under 
the  circumstances,  considering  the  vast  extent  of  the  country,  the  dif- 
ferent conditions  that  prevail  in  the  different  sections,  and  the  wide 
distances  between  the  various  ports.  I  think  that  on  the  whole  the 
svstcm  is  an  admirable  one. 

QUESTION   OF  GOVERNMENT  CONTROL  OF  INSPECTION. 

Q.  (By  Mr.  A.  L.  Harris.)  Well,  owing  to  the  immense  quantities 
of  grain  and  the  immense  interests  that  are  involved,  would  it  not  be 

*  [The  interrogatory  preceding  this  response  was  omitted  from  the  published  repc'rt 
of  testimony.] 
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better  to  have  the  Government  fix  the  grades  and  have  some  means  to 
protect  against  frauds  in  mixing,  etc. ,  and  in  bills  of  lading,  owing 
fco  the  fact  that  it  is  discredited  ?  That  is,  would  it  not  be  more  satis- 
factory both  to  the  shipper  and  to  the  commission  man  to  know  that 
the  inspector  was  under  the  control  of  the  Government  ^ — A.  I  believe 
that  it  would  be  a  great  advantage  to  the  trade  if  some  steps  were  taken 
to  secure  uniformity. 

Q.  (By  Mr.  Farquhar.)  Why  would  it  not  do  for  the  Government 
to  license  these  inspectors?  That  would  be  the  way  to  regulate  it. — 
A.  That  Avould  be  one  way,  of  course.  I  do  not  mean  to  say  that  the 
Grovernment  should  take  the  matter  entirelv  into  its  own  hands.  I  am 
not  prepared  to  say  that  that  is  at  present  necessarv,  but  I  think  it 
might  be  Tvell  to  place  the  inspection  under  the  general  supervision  of 
the  Government,  so  that  uniform  rules  could  be  enforced.  To  establish 
an  official  inspection  service  for  grain  at  all  our  ports  would  be  quite 
an  undertaking,  and  I  question  the  immediate  necessity  of  going  so  far 
•as  that. 

Q.  Why  should  it  not  be  done  in  the  case  of  cereals  and  everj'thing 
of  that  kind  just  as  we  have  in  the  Bureau  of  Animal  Industry  now  in 
the  case  of  animals,  meats,  and  live  cattle?     Why  is  there  not  just  as 
much  necessit}'^  to  inspect  the  one  as  the  other,  and  why  is  there  not  just 
as  much  necessity  for  official  inspection? — A.  I  am  not  prepared  to 
say  that  it  would  not  be  a  good  thing.     I  have  not  reached  a  conclusion 
in  my  own  mind  as  to  whether  it  would  be  advisable  at  present  for  the 
Government  to  take  over  entirely  to  its  own  control  the  inspection  of 
export  grain.     It  is,  of  course,  a  very  comprehensive  system.     It 
might  be  well  for  the  Government  to  begin  by  establishing  an  official 
inspection  that  would  be  optional  with  the  exporter.     Argentina  has 
recently  done  that  very  thing.     The  Argentine  Government  has  estab- 
lished an   inspection  service  for  grain  at  its  several  ports,  so  that 
exporters,   by  paying  a  small  fee,  can   have  their  grain    officially 
inspected  and  obtain  an  official  certificate  as  to  its  grade.     The  Argen- 
tine inspection  is  entirely  optional,  and  it  seems  to  me  that  in  intro- 
uucing  an  official  inspection  of  export  grain  in  the  United  States  it 
would  be  best  at  the  outset  to  make  it  optional  rather  than  compulsory. 
I  believe  the  advantages  of  the  Government  certificate  would  soon  lead 
to  its  being  demanded  by  foreign  buyers. 

Q-  (By  Mr.  A.  L.  Harris.)  Would  the  shipper  or  commission  man 
object? — ^A.  There  would  undoubtedly  be  considei^ble  opposition  to  a 
compulsory  official  inspection.  It  is  verj^  natural  to  expect  some  oppo- 
sition to  such  a  step  by  the  Government.  There  would  probably  be 
opposition  on  the  part  of  those  very  organizations  that  are  now  con- 
trolling the  inspection. 

Q-  Is  it  not  almost  as  important  as  the  inspection  of  meat? — A.  I 
^^i\y  think  it  would  do  to  say  that  it  is  almost  as  important.  No;  I 
^0  not  think  that  there  is  such  a  crying  need  for  Government  inspec- 
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tion  as  there  was  in  the  case  of  meat.  There  are  not  the  same  sanitarr 
reasons  for  it. 

Q.  In  other  words,  complaint  has  not  become  so  common  ? — A.  It 
has  not,  because  the  present  grain-inspection  system  is  already  a  fairly 
good  one,  although  far  from  perfect. 

Q.  Well,  would  it  not  be  an  assurance  to  the  foreign  importer  when 
he  buys  a  cargo  to  know  that  the  grade  is  the  same  without  regard  lo 
the  port  from  which  it  was  shipped? — A.  Undoubtedly. 

Q.  In  other  words,  is  not  this  the  tendency  now:  If  they  find  that 
the  port  at  Galveston  has  a  lower  grade  for  low  grades  that  go  to  that 
port  for  shipment,  would  it  not  generally  have  a  tendency  to  discredit 
the  grades  of  the  whole  country  when  they  pay  little  attention  to  what 
section  of  the  country  the  grade  is  shipped  from  ? — A.  It  would  very 
naturally  do  so. 

ADVANTAGE8   OF   GOVERNMENT   INSPECTION. 

Q.  (By  Mr.  Farquhar.)  Would  not  the  establishment  of  Govem-- 
ment  inspection  make  a  unifonii  grade  all  over  the  country — naturally 
tend  to? — A.  It  should  do  so. 

Q.  And  would  it  not  give  a  better  price  for  our  cereals  in  Europe  if 
they  had  the  Government  certificate  back  of  them,  and  not  that  of  an 
individual  nor  a  corporation  nor  a  board  of  trade  i — ^A.  I  think  that  it 
would. 

Q.  (By  Mr.  A.  L.  Harris.)  Even  if  it  did  not  give  a  better  price  it 
would  give  satisfaction  to  the  people  who  are  buying  it  now? — A.  I 
should  hesitate  slighth'  on  the  ground  of  feasibility  just  now.  To  roj 
mind  it  is  a  question  whether  it  would  not  be  better  to  extend  the  S3'S- 
tem  of  compulsory  Government  inspection  more  gradually.  Take,  for 
instance,  the  dairy  products,  and  first  put  that  branch  of  the  export 
trade  on  a  satisfactory  basis.  In  other  words,  introduce  these  reform^? 
by  degrees. 

LACK   OF   INFORMATION   ABOUT   INSPECTION   CHANGES. 

I  want  to  say  that  of  course  the  representatives  in  this  country  of 
foreign  importers  of  grain  are  supposed  to  notify  the  importers  whom 
they  represent  of  any  changes  in  the  grading,  and  to  give  them  exact 
information  on  that  point,  but  it  often  happens  that  this  is  not  prop- 
erly done.  The  boards  of  trade  themselves  do  not  inform  foreign 
importers  of  the  changes.  That  is  left  to  the  representatives  in  this 
country  of  the  importers,  and  there  is  often  laxity  about  sending  the 
proper  information — at  least  so  I  have  been  informed  on  the  other 
side. 

DAMAGE  TO   GRAIN   DURING    VOYAGE. 

In  speaking  of  the  damaged  condition  of  the  grain  that  arrived  in 
urope,  I  did  not  mean  to  imply  that  it  was  exported  in  such  condition, 
y  own  belief  is  that  a  very  large  part  of  the  damage  occurs  on  the 
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royag-e.  In  other  words,  I  think  that  in  many  cases  where  cargoes 
ire  complained  of  in  foreign  ports  the  grain  when  shipped  from  the 
Qnited  States  was  in  proper  condition. 

UNFAIR  COMPLAINTS   INFREQUENT. 

Q-  (By  Mr.  Kennedy.)  We  fre<iuently  hear  of  commission  mer- 
chants informing  shippei's  of  produce  that  their  stuff  was  received  in 
a  damaged  condition,  and  that  it  is  done  for  the  purpose  of  cheating 
the  farmer,  the  fact  being  that  the  produce  more  often  is  in  excellent 
condition  when  received,  but  reported  in  a  damaged  condition.  Is  it 
probable  that  anything  of  that  practice  prevails  on  the  other  side  in 
regard  to  our  grains? — A.  I  have  no  doubt  that  there  are  unscrupulous 
people  abroad,  as  there  are  all  over  the  world,  who  will  in  some  cases 
make  unfair  complaints  of  that  kind,  but  I  think  as  a  rule  that  such 
cases  are  rare. 

CARELE8AXESS  IN  SHIPPING   CORN. 

Q.  Is  it  more  difficult  to  ship  shelled  corn  than  it  is  to  ship  wheat 
in  bulk? — A.  It  is  more  difficult.     The  corn  gets  out  of  condition 
more  readily  than  the  other  grains,  because  its  moisture  content  is 
greater.     It  is  in  the  case  of  corn  that  most  of  the  complaints  have 
been  made.     Sometimes,  when  corn  in  otherwise  perfect  condition  is 
loaded  here  in  hot  weather,  the  heat  it  has  absorbed  causes  the  grain 
to  sweat  and  become  moldy  before  it  reaches  the  other  side,  and  then 
the  purchaser  there  naturally  wonders  whether  that  corn  was  in  good 
condition  when  it  was  shipped.     I  believe,  as  I  said  before,  that  it  is 
on  the  voyage  that  most  of  the  damage  is  done.     Much  of  the  damage 
undoubtedly  occurs  in  the  case  of  bulk  cargoes  carried  by  tramp 
steamers.     There  are  comparatively  few  complaints  against  corn  car- 
ried by  the  regular  liners,  for  as  a  rule  the  regular  liners  give  greater 
attention  to  ventilation,  and  in  fact  to  the  care  of  the  cargo  generally. 
Ventilation  is  a  very  important  factor  in  the  shipment  of  corn.     When 
shippers  load  corn  into  a  steamer  at  a  Southern  port  in  hot  weather, 
then  batten  down  the  hatches  and  without  any  ventilation  at  all  attempt 
to  cany  that  cargo  across  the  ocean,  the  chances  are  very  strong  that 
under  such  conditions  some  sweating  will  occur. 

CORN'   LOADED   IN    IRON   8TEAMEII.S. 

Corn  is  sometimes  loaded  into  iron  steamers  without  any  protection 
against  the  heated  iron  sides.  There  should  be  some  kind  of  a  protec- 
tioii — either  a  board  sheathing  or  a  protection  of  bagging — against  the 
iron  sides  of  the  steamer,  for  as  she  lies  in  port  her  sides  above  the 
water  line  naturally  become  very  much  heated  by  the  sun,  and  when 
the  corn  is  poured  in  and  lies  right  up  against  these  hot  sides  it  is  not 
strange  that  the  contact  with  such  heat  causes  it  to  sweat 
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CORN   STOWED   IN  COAL  BUNKERS. 


Then,  too,  corn  is  sometimes  loaded  into  bunkers  that  are  intended 
primarily  for  coal.  Quite  frequently  on  tramp  steamers  where  they 
take  a  full  cargo  they  load  corn  into  one  of  the  coal  bunkers,  which 
are,  of  course,  amidships,  and  adjacent  to  the  boilers.  It  L?  in  the;* 
bunkers  that  I  think  much  of  the  damage  is  done.  The  heat  from  the 
furnaces  and  boilers  during  the  passage  gradually  works  its  way  through 
the  bulkhead,  and  it  is  not  uncommon,  where  corn  has  been  loaded  in 
a  bunker,  to  find  it  badly  sweated,  especially  along  the  side  of  the 
bulkhead  that  separates  the  bunker  from  the  boiler  space.  There  the 
corn  is  often  greatly  damaged.  It  is  a  question  whether  corn  should 
be  loaded  in  bunkers  at  all,  owing  to  the  great  risk  that  is  taken,  or 
at  any  rate,  whether  there  should  not  be  some  conditions  attached  as 

ft. 

regards  sheathing  and  ventilarion. 

IMPORTANCE  OF   VENTILATION   DURING    VOYAGE. 

Even  in  the  ordinary  holds,  remote  from  the  boilers,  unless  ventila- 
tion is  hud,  corn  is  aj)t  to  become  heated  at  the  top  of  the  holds,  more 
particularly  (luring  hot  weather,  because  of  the  heat  of  the  sun  on  the 
deck.  That  could  undoubtedly  be  prevented  by  proper  ventilation. 
The  trouble  with  the  tramj)  steamers  is  that  thev  frequently  go  short- 
handed,  and  do  not  have  a  sufficient  force  of  men  to  attend  to  the 
ventilation  properly.  It  is  possible  in  fair  weather  to  lift  the  hatches 
and  let  air  into  the  holds  where  the  corn  is  stowed,  but  that  is  often 
neglected.  From  my  investigations  I  believe  that  if  proper  ventila- 
tion were  provided  a  great  deal  of  the  damage  that  now  results  could 
be  avoided.  I  understand  that  the  steamers  plying  from  Argentine 
ports  carrying  Argentine  corn  to  Europe  are  now  very  generally 
equipped  with  ventilation  facilities.  That  is  a  long  voyage,  and  they 
have  discovered  the  importance  of  ventilation;  but  it  is  unquestionably 
a  fact  that  a  griuit  deal  of  the  corn  shipped  from  the  United  States  is 
not  properly  attended  to  en  route. 

IMPORTANCE  OF  CLEANING  CORN  BEFORE  SHIPMENT. 

There  has  also  })een  quite  a  general  complaint  against  our  com 
abroad  on  the  ground  that  it  is  too  dirty.  The  foreigners  say  that  in 
this  regard  it  does  not  compare  favoi-ably  with  the  corn  shipped  from 
other  (countries.  They  seem  to  think  we  are  more  careless,  and  that 
we  take  less  pains  to  clean  our  corn  than  is  the  case  in  some  other 
countries.  It  can  not*  be  denied  that  the  corn  frequently  has  a  good 
deal  of  dirt  in  it,  such  as  broken  grains,  pieces  of  cob,  etc.  When  this 
occurs  the  danger  of  sweating  is  very  much  increased.  The  dirt  filb 
in  the  interstices  between  the  grains,  thus  excluding  the  air,  and  under 
such  conditions  heating  naturally  occurs  much  more  readily.     If  the 
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x>rn  were  cleaned  more  carefully  before  being  exported  there  is  no 
ioubt  that  a  great  deal  of  loss  would  be  prevented. 

A  few  weeks  ago  I  received  a  sample  of  some  foreign  materials  that 
were  discovered  in  a  cargo  of  corn  shipped  from  the  port  of  Galves- 
fcon,  Tex.,  to  the  Free  Poi-t  of  Copenhagen.  Mr.  C.  D.  Hage,  the 
director  of  the  Copenhagen  Free  Port  Company,  forwarded  to  me  a 
box  containing  quite  a  variety  of  metallic  articles,  including  spikes, 
nails,  lx)lts,  screws,  pieces  of  wire,  foundry  drippings,  etc.,  and  also 
other  matters  such  as  glass,  pebbles,  and  the  like,  that  were  sent  over 
there  in  a  cargo  of  corn.  [Producing  photograph.]  I  had  this  mate- 
rial photographed,  and  I  will  hand  you  the  photograph  that  3^ou  may 
see.      The  articles  are  shown  at  one-half  their  natural  size. 

DANGER  T()    MILLS   FROM   TRAHH    IX   CORN. 

Q.   (By  Mr.  A.  L.  Harris.)  Is  there  not  danger  of  our  grain  being 
di«>credited  the  same  as  butter  has  been  heretofore? — A.  Such  cases  as 
this,  of  coui'se,  work  very  materially  to  the  detriment  of  our  export 
trade.     The  seriousness  of  this  particular  case  will  be  better  under- 
stood when  I  say  that,  supposing  that  the  corn  had  been  cleaned,  the 
company  there  did  not  subject  it  to  any  screening,  and  it  went  out  over 
the  Kingdom  of  Denmark,  carrying  this  material  with  it,  and  these 
nails  and  spikes,  etc.,  got  into  the  mills.     If  you  will  examine  that 
photograph  carefully,  you  will  see  that  some  of  the  spikes  have  been 
between  the  mill  rollers  and  were  flattened  out.     They  did  great  dam- 
age to  the  milling  machinery.     The  millers  are  holding  the  company 
liable  for  the  damages,  Mr.  Hage  writes  me. 

Q.  (By  Mr.  Kennedy.)  That  is  taken  from  one  cargo? — A.  This 
was  sent  to  me  as  a  sample  of  material  that  was  taken  from  corn  sent 
from  Galveston  in  one  cargo.  Part  of  that  material  was  sent  in  to  the 
company  at  Copenhagen  by  the  millers. 

GRADING    OF   EXPORT   CORN    AS   REGARDS   CLEANNESS. 

This  case  shows  that  there  is  undoubtedly  some  carelessness.  The 
foreign  importers  claim  that  the  corn  shipped  as  \o.  2  sail  grade  should 
be  much  cleaner  than  a  large -part  of  it  proves  to  be.  The  contract 
calls  for  a  grain  that  is  reasonably  clean,  and  they  naturally  hold  that 
that  condition  is  not  carried  out  in  a  case  of  this  kind. 

Q.  (By  Mr.  Farquhar.)  You  do  not  know  what  the  grade  of  this 
corn  was  when  it  was  shipped? — A.  I  am  sorry  to  say  that  in  writing 
to  me  about  the  circumstances  of  this  shipment  Mr.  Hage  failed  to 
state  the  grade  that  was  certified  to;  but  I  have  inferred  that  it  was 
No.  2  sail  grade,  for  several  reasons:  first,  because  that  is  the  grade 
that  is  generally  shipped  to  Copenhagen;  and,  secondly,  because  if  it 
had  not  been  supposedly  a  reasonably  clean  corn,  the  company  there 
would  probably  have  put  it  through  their  own  screening  apparatus. 
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That  is,  they  would  not  have  been  justified  in  sending  out  an  uneleui 
grade  of  corn  to  their  customers,  and  they  would  not  have  taken  the 
risk  of  doing  so.  But  I  am  sorry  to  say  that  Mr.  Hage  did  not  stat^ 
that  fact  specifically  in  his  letter,  and  I  have  not  had  time  to  ascertain. 

SOURCE  OF  TRASH  IN  CORN. 

It  is  a  question  where  this  foreign  matter  came  from — ^where  it  goC 
into  the  corn.  I  presume  that  this  corn  may  have  been  simply  blown 
without  being  screened;  however,  I  do  not  know  bs  to  that.  Some  of 
this  material  was  probably  shoveled  up  with  the  com  when  it  was  put 
into  the  shellers.  Shellers  are  sometimes  stationed  out  in  the  open 
field.  ^The  farmers  bring  up  the  com  in  their  wagons  and  dump  it  on 
the  ground  in  piles,  and  then  it  is  shoveled  from  the  ground  into  the 
shellers.  Foreign  objects  of  a  less  size  than  the  cobs  readily  pass 
through  the  shellers,  and  these  objects  would  remain  in  the  corn  unless 
it  were  screened.  It  would  appear,  also,  that  the  railway  cars  in  which 
the  grain  was  carried  to  the  port  furnished  some  of  the  refuse  material. 
The  cars  are  not  always  properly  cleaned  before  the  grain  is  loaded. 
The  terminal  warehouse  or  elevator  may  also  have  been  at  fault  in  this 
regard. 

I  want  to  say  in  reference  to  this  case  that  affidavits  were  presented 
showing  that  the  steamer  had  been  carefulh-  inspected  before  the  cargo 
was  received,  as  is  the  custom.  The  captain  of  the  steamer  made  affi- 
davit that  the  holds  in  which  this  corn  was  loaded  were  carefully 
inspected  and  were  free  from  all  foreign  matter  and  in  proper  condi- 
tion to  receive  the  cargo.  He  had  a  certificate  to  that  etfect  to  show 
that  this  matter  did  not  get  into  the  cargo  from  the  ship. 

SHIPMENTS   OF   WHEAT,  RYE,  AND   BARLEY. 

Q.  (By  Mr.  A.  L.  Harris.)  Are  you  through  with  what  you  desired 
to  say  on  the  sul)ject  of  grain? — A.  I  spoke  also  of  wheat,  ryo.  and 
barley.     1  will  just  touch  upon  these. 

Against  our  wheat  complaint  has  been  made  abroad  that  it  some- 
times contains  many  unsound  and  burnt  grains,  more  than  would  J>e 
.warranted  }>v  the  certificate  of  inspecticm,  and  also  that  it  is  sometimes 
deficient  in  weight.  Recently  a  complaint  came  to  the  Department 
from  abroad  allesring  that  some  wheat  had  been  received  that  did  not 
come  up  to  the  weight  called  for  in  the  contract  by  sevei-al  pounds  per 
bushel.  I  also  have  in  mind  a  complaint  made  some  months  ago 
regarding  a  parcel  of  wheat  that  contained  garlic  to  such  an  extent 
that  it  was  necessary  to  reclean  the  entire  lot  before  it  could  go  into 
the  mills.  Some  of  the  grain  did  get  into  the  mills  before  it  wa:< 
ileaned,  and  produced,  of  course,  a  very  unpleasant  kind  of  flour. 

Similarlv,  one  of  the  complaints  against  rye  imix)rted  from  the 
Uniti^d  States  is  that  it  too  freiiuently  contains  oat«  in  considerable 
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luantities,  making  it  necessary  to  reclean  the  rye  before  it  can  be 
nilled  and  made  into  flour.  As  the  r3^e  is  imported  for  bread  pur- 
X)se«,  it  is  important  to  have  it  free  from  oats  and  other  gi"ain. 

Our  barley  has  also  been  complained  about  in  some  cases  because  of 
its  dirty  condition.  An  instance  came  to  our  notice  where  it  was 
claimed  that  as  much  as  10  per  cent  of  impurities  occurred  in  a  cargo. 

According  to  the  testimony  of  the  foreign  importers,  the  complaints 
made  against  American  l)arlev  are  mostly  of  recent  origin.  Some 
years  ago  American  barley  was  held  in  high  favor  abroad.  It  obtained 
a  market  in  Europe  that  was  formerly  controlled  bv  Russia.  But  the 
importers  say  that  within  the  last  few  years  complaints  against  the 
condition  of  our  barley  have  been  numerous,  greatly  endangering  our 
market,  and  the  probability  is  that  unless  some  measures  are  taken  to 
secure  more  care  in  cleaning  export  barley  much  trade  will  be  lost 
to  us. 

NEED   OF  GKEATER   CARE   IN   CLEANING    GRAIN. 

Regarding  our  grain  export  trade  as  a  whole,  I  think  I  am  safe  in 
saving  that  the  greatest  obstacle  to  the  maintenance  and  extension  of 
that  trade  lies  in  the  fact  that  our  exporters  do  not  always  exercise 
proper  care  in  cleaning  the  grain  before  shipment.  In  view  of  the 
increasing  competition  we  are  beginning  to  meet  with  from  other 
grain-exporting  countries,  it  is  highly  important  that  this  ground  for 
complaint  should  be  speedily  remedied. 


MISUNDERSTANDIN(}   OF   TERM    "OFFICIAL." 


Before  dropping  the  subject  of  grain  exports,  I  want  to  recur  again 
to  the  matter  of  the  certificates,  and  to  repeat  that  it  seems  to  me 
unfortunate  that  the  certificates  issued  by  our  boards  of  trade  should 
be  sent  out  under  the  title  of  "oflScial"  inspection.  [Producing  cer- 
tificate.] The  term  '^ official"  in  this  case  is  undoubtedly  misleading, 
and  it  is  a  question  whether  it  would  not  be  a  wise  thing  to  prevent 
further  misunderstanding  on  that  ground  by  prohibiting  boards  of 
trade  and  chambers  of  commerce  from  using  the  appellation  "  official" 
on  their  certificates.  It  is  unquestionably  a  cause  of  much  misunder- 
standing abroad. 

Q.  Do  you  think  it  conveys  the  idea  to  the  foreign  importer  that  it 
18  a  Government  official  inspection  i — A.  The  foreign  importer  very 
generally  believers  that  these  certificates  are  issued  ])y  the  United  States 
Government.  I  have  talked  with  manj'  importers  al)road  who  were 
under  that  impression,  and  who  were  suiprised  to  learn  that  the  United 
States  Government  was  in  nowise  responsible  for  the  certification  of 
our  export  grain. 

Q.  (By  Mr.  Farquiiar.)  Does  not  nearly  ever}'  single  purchaser  or 
Liverpool  broker  have  his  own  agent  in  the  United  Stiites  here  in  our 
inarketsJ — A.  Man}'-  of  the  larger  importers  have  their  agents  here. 
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Q.  Those  that  are  of  any  account  at  all? — A.  Many  of  the  large 
importers  have  their  representatives  here,  but  the^e  certificates,  of 
course,  pass  into  the  hands  of  other  buyers.  The  importers,  in  resell- 
ing their  imported  grain,  sometimes  base  their  contracts  on  the  origi- 
nal certificate,  and  in  such  cases  the  secondarv  buvers  have  not  the 
same  means  of  ascertaining  the  real  status  of  the  certificate. 

Q.  The  Government  inspection  would  cover  all  doubts?  and  would 
verify  to  the  consignee  or  the  factor  or  the  commission  merchant  or 
the  original  purchaser  or  anyone  that  there  was  bona  tide  inspection 
here  when  put  on  l)oard  of  vessels,  subject,  of  course,  to  stiind  the 
transportation  and  delivery  ( — A.  Yos. 

IMPOKTANCE   OF   CARE   IN    LOADING    CORN. 

Q.  (By  Mr.  A.  L.  Harris.)  Do  aou  desire  to  go  any  further  into 
grain? — A.  One  thing  occurs  to  me  that  I  intended  to  add  in  connec- 
tion with  the  loading  of  gmin.  I  said  that  it  was  a  question  whether 
corn  ought  ever  to  ]w  loaded  in  the  bunkers,  since  they  were  so  close 
to  the  boilers  and  therefore  so  liable  to  become  heated  on  the  vovatre. 
The  same  objection  applies,  of  course,  to  the  loading  of  grain  in  any 
of  the  holds  that  are  adjacent  to  the  boiler  or  engine  space.  In  the 
distribution  of  the  cargo  the  corn  ought,  when  possible,  to  be  lojided 
in  holds  that  are  remote  from  amidships. 

Q.  Would  this  trou})le  be  obviated  to  some  extent  if  the  bottoms 
were  controlled  ))v  Americans?  You  spoke  a  moment  ago  about  the 
excellent  facilities  on  land. — A.  I  have  no  doubt  that  it  w^ould  be  far 
easier  to  control  the  methcxls  of  transportation  if  we  owned  the  ships. 
Does  that  answer  your  question  ^ 

Q.  Yes;  that  is  what  I  wanted. — A.  Carelessness  sometimes  occurs 
as  regards  the  stowing  of  grain  with  other  merchandise  in  the  same 
hold.  A  case  recently  came  to  my  attention  where  a  hold  was  partially 
filled  with  corn,  and  then  upon  that  corn  were  stowed  bales  of  cotton. 
Such  a  condition  of  affairs,  of  course,  ought  not  to  be  permitted.  It 
goes  without  saying  that  corn  put  down  in  the  hold  and  then  covered 
over  completely  with  bales  of  cotton  is  going  to  sweat  and  become 
damaged.  I  speak  of  this  case  to  suggest  that  there  is  a  great  deal  to 
be  considered  in  regulating  the  methods  of  shipping  grain  across  the 
ocean. 

PACKINCJ    OF   COTTON    FOR   EXPORT. 

Q.  What  have  you  to  say  in  regard  to  the  export  of  cotton  ? — A. 
The  principal  ground  of  criticism  against  American  cotton  in  foreign 
markets  is  the  poor  packing.  A  great  deal  of  our  cotton  is  still  baled 
in  the  old  wa3\  We  ship  it  in  large  bales,  weighing  about  500  pounds', 
and  much  of  it  is  put  up  in  inferior  baling  materials.  The  damage 
that  thus  results  is  not  so  apparent  in  the  United  States  as  it  is  at  tie 


FOREIGN  MABKET8  FOB  AMEBIOAN  AGBICULTUBAL  PB0DUCT8.       43 

end  of  the  journey  across  the  sea.  Our  exporters  do  not  seem  to  realize 
the  conditions  that  our  cotton  has  to  meet  in  foreign  countries.  The 
packing  is  generally  sufficiently  strong  to  caiTy  the  cotton  safely  to  the 
seaboard  and  to  get  it  aboard  ship,  but  when  it  comes  to  be  unloaded 
in  the  foreign  port  great  loss  is  apt  to  result.  Under  the  rough  han- 
dling to  which  the  bales  are  subjected  in  the  process  of  unloading  from 
the  ship's  holds  to  the  docks,  the  flimsy  baling  material  becomes  badly 
torn,  and  usually  a  large  amount  of  cotton  is  shredded  off  and  strewn 
along  the  docks.  Such  cotton  is  practically  ruined,  becoming  waste 
cotton.  The  coverings  of  the  bales  are  generally  so  badly  damaged 
that  before  the  cotton  can  be  reshipped  nuich  patching  has  to  be  done, 
and  often  entire  rebaling.  Foreign  importers  naturally  complain  of 
this,  because  it  subjects  them  to  so  much  additional  expense. 

An  interesting  instiince  came  to  my  attention  while  in  Russia  last 
summer   where   the   insecure  packing  of   American  cotton  resulted 
in  a  great  deal  of  loss  by  theft.     We  send  considerable  quantities 
of  cotton  to  Russia.     Most  of  it  is  transshipped  for  the  Baltic  at 
such  ports  as  Liverpool,  Bremen,  and  Copenhagen,  although  within 
the  last  year  or  two  some  important  consignments  have  gone  direct 
to  Russia  without  transshipment.      The  United  Steamship  Company, 
of    Copenhagen,   has   been    particularly    enterprising   in   its   efforts 
to  establish  a  direct  service  between  the  United  States  and  Baltic 
Russia,  and  the  boats  of  that  company  have  recently  been  carrying 
cotton  right  through  from  New  York  to  St.  Petersburg.     However, 
the  chief  part  of  the  American  cotton  marketed  in  Russia  still  goes 
in  the  first  instance  to  other  European  ports,  where  it  has  to  be 
transshipped  in  order  to  be  forwarded  up  the  Baltic.     By  the  time 
that  cotton  has  been  discharged  at  the  Russian  ports  of  Reval  and  St. 
Petersburg  it  is  apt  to  bo  in  very  poor  condition  as  regards  the  baling. 
From  these  Baltic  ports  it  has  to  be  sent  overland  by  rail  to  Moscow, 
where  the  Russian  manufacture  of  cotton  goods  is  chiefly  carried  on. 
Owing  to  the  numerous  rents  and  tears  that  occur  in  the  bale  coverings 
because  of  the  poor  baling  materials,  a  great  deal  of  cotton  is  lost  })e- 
fore  it  reaches  Moscow.     It  generally  goes  there  by  slow  freight,  fre- 
quently with  many  stops,  and  I  was  informed  that  the  peasants  along 
the  route  sometimes  steal  great  quantities  of  this  cotton  from  the  trains 
at  night,  pulling  it  from  the  damaged  bales  in  large  shreds,  as  they  can 
readily  do,  owing  to  the  insecure  packing.     In  this  manner  the  im- 
porters at  Moscow  have  been  losing  so  much  of  their  consignments 
from  America  that  they  are  now  striving,  as  far  as  they  can,  to  replace 
our  cotton  with  that  produced  in  southern  Russia.     In  the  south  of 
Russia  they  are  beginning  to  grow  American  cotton  quite  extensively. 
Some  years  ago  they  secured  American  seed,  and  already  they  have 
had  considerable  success  in  the  production  of  our  upland  cotton.    They 
take  great  pains  to  bale  it  securely.     They  use  a  much  smaller  bale 
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than  the  American,  and  pack  it  so  tightly  and  firmly  that  no  cotton  csq 
be  lost  or  stolen  from  the  bale.  By  such  methods  they  are  graduaUy 
establishing  quite  a  trade  at  Moscow,  to  our  loss. 

I  spoke  of  this  case  as  a  rather  interesting  one,  illustrating  how  a 
trade  can  be  injured  by  neglect  in  providing  proper  packing  materiak 
Some  of  our  cotton  growers,  in  order  to  save  a  few  cents  on  a  bale,  make 
it  a  practice  to  use  the  cheapest  possible  baling  materials  that  will 
carry  their  product  to  the  port.  While  such  a  short-sighted  practice 
may  result  in  a  slight  saving  at  the  outset,  it  is  certain  in  the  long*  run 
to  do  great  damage  to  our  'trnde.  Other  cases  similar  to  that  in 
Russia  as  regards  the  poor  baling  of  American  cotton  have  come  to 
my  attention  abroad,  and  I  think  I  may  say  that,  generally  speaking. 
our  cotton  export  trade  is  in  this  respect  fairly  open  to  criticism.  It 
is  to  be  hoped  that  the  more  general  adoption  of  the  round  or  cylin- 
drical bale  will  remedy  this  obstacle  to  our  export  trade  in  cotton. 

I  have  mentioned  the  case  of  cotton  especialW  because  this  product 
is  decidedly  our  most  important  agricultuml  export,  but  it  does  not  by 
any  means  afford  the  only  instance  of  this  kind.  There  are  many  other 
cases  in  our  export  trade  where  failure  to  give  proper  attention  to  the 
packing  of  the  product  is  working  to  the  detriment  of  the  trade. 

Q.  Then  the  American  producer  and  the  American  shipper,  you 
think,  suffer  to  some  extent,  owing  to  the  imperfect  manner  in  which 
the  goods  are  sometimes  sent  from  this  country  ? — A.  Yes. 

Q.  And  greater  care  should  be  taken  along  these  lines? — A.  Yes;  it 
is  very  important. 

QUESTION  OF  GOVKRNMENT  AID  IX   EXTENDING   FOREIGN    MARKETS. 

Q.  It  is  a  very  general  complaint  among  agricultural  producers  that 
little  effort  is  made  to  secure  a  foreign  market  for  their  products. 
What  do  you  know  about  that? — A.  I  think  I  may  fairly  sav  that 
comparatively  speaking,  little  effort  has  been  made  in  the  interest'*  of 
the  United  States  farmer  as  regards  the  expoi-tation  of  his  produce. 
The  manufacturer  seems  able  to  accomplish  more  in  this  direction;  he 
seems  to  have  facilities  for  pushing  his  trade  that  the  farmer  has  not 
had,  or  at  least  has  not  taken  advantage  of.  I  think  it  is  true  that 
more  active  measures  have  been  taken  to  make  a  market  abroad  for 
American  manufactures  than  for  the  produce  of  American  famis. 

Q.  (By  Mr.  Kennedy.)  Is  not  that  very  largely  because  the  Amer- 
ican manufacturers  push  for  these  markets  themselves? — A.  Exactly. 
The  manufacturer  seems  to  be  in  closer  touch  with  the  foreign  market 
than  the  farmer.  He  sends  his  representatives  abroad,  establishes  his 
agencies  there,  and,  speaking  generally,  there  seem  to  be  more  facilities 
for  the  extension  of  trade  in  manufactures  than  there  are  for  upbuild 
ing  the  agricultural  export  trade. 

Q.  Manufacturers  do  for  themselves  the  work  which,  if  done  for 
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be  farmers,  must  perhaps  be  done  by  the  Government  or  some  other 
gency  ? — A.  There  is  a  good  deal  in  that. 

Q.  (By  Mr.  A.  L.  Harris.)  Is  it  possible  for  the  farmer,  owing  to 
ii«  interests  being  in  the  hands  of  so  many,  to  take  up  the  subject  of 
ncreasing  his  exports,  like  it  is  for  the  manufacturers,  where  large 
»pital  is  invested  under  one  control  and  they  can  send  out  their  agents 
iolook  after  foreign  markets? — A.  It  is  certainly  not  so  easy,  and  I 
iJiink  the  question  that  you  have  put  discloses  the  secret  of  the  differ- 
ence. 

NEED    OF   MORE   LIBERAL   APPROPRIATIOXS   FOR   DEPARTMENT  OF  AGRICULTURE. 

Q.   Have  you  any  suggestions  to  make  along  the  line  of  the  exten- 
sion  of  foreign  markets  for  farm  products? — A.  I  believe,  first  of  all, 
that  in  the  interest  of  the  farmer  the  Agricultural  Department  ought 
to  be  provided  with  more  liberal  means  to  develop,  a^  far  as  may  be, 
by  governmental  assistance,  the  agricultural  export  trade.     I  do  not 
think  that  enough  attention  has  hitherto  been  given  b}'^  the  Govern- 
ment to  that  side  of  the  farmers'  interests.     We  have  not  done  nearly 
so  much  as  other  agricultural  countries  have  done.     I  spoke  of  the 
measures  taken  by  the  Canadian  government.     The  appropriation  that 
enabled  the  department  of  agriculture  for  the  Dominion  to  inaugurate 
the  measures  I  described  amounted  to  $100,000,  which  was  certainly 
quite  a  liberal  appropriation.     The  fund  that  was  placed  at  the  dis- 
posal of  our  own  Agricultural  Department  to  make  experimental  ship- 
ments of  dairy  and  other  agricultural  produce  was  only  $25,000.    The 
Australian  colonies,  like  Canada,  have  also  been  liberal  in  appropriating 
funds  to  assist  the  farmer  in  finding  a  profitable  foreign  market  for 
his  produce.     I  feel  that  much  more  could  be  done  for  the  farmers  of 
the  United  States  than  has  thus  far  been  possible  with  the  scanty  means 
placed  at  the  disposal  of  our  Department  for  such  work. 

rSEPULNESS  OF  SPECIAL    AGENTS   ABROAD. 

I  believe  in  the  plan  of  sending  abroad  special  agents,  at  Govern- 
ment expense,  to  study  foreign  markets.     I  think  we  should  have  a 
goodly  number  of  agents  abroad,  working  solely  in  the  interest  of  our 
farm  products.     These  agricultural  countries  I  have  mentioned  all 
maintain  such  agents,  not  only  for  the  purpose  of  studying  foreign 
markets  and  the  opportunities  they  afford  for  increased  trade,  but  also 
for  the  purpose  of  studying  the  export  methods  of  other  countries. 
Canada  sent  her  agents  to  Denmark — the  Australasian  colonies  did 
the  same — to  gather  information  there  as  to  the  best  methods  of  ship- 
ping dairy  and  other  farm  produce.     Now  that  Canada  is  beginning 
to  compete  somewhat  with  Denmark,  especially  now  that  Canada  is 
l>^ginning  to  cut  into  the  Danish  bacon  market  in  England,  the  Danes 
We  sending  agents  to  Canada  to  see  if  there  is  anything  in  the  Cana- 
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dian  methods  of  production  and  exportation  that  would  be  an  improvt^ 
ment  over  their  own. 

SPECIAL    AGENTS    AS   COMPARED   WITH    CONSULAR  SERVICE, 

Q.  (By  Mr.  Farquhar.)  Can  not  the  diplomatic  and  consular  servio? 
do  the  whole  thing  properly? — A.  With  certain  modifications  of  thr» 
diplomatic  and  consular  service  I  think  undoubtedly  most  of  the  objef  i> 
could  be  attained,  but  I  do  not  think  it  possible  as  the  service  is  noi^ 
constituted.  I  do  not  believe  the  consular  officers  can  render  the  2«nie 
kind  of  service  that  could  be  had  from  traveling  agents. 

Q.  You  mean  the  paid  agents  of  the  Department? — A.  Paid  agent- 
of  the  Department,  sent  from  the  Department,  if  possible.     We  have 
tried  the  consular  service,  and  it  has  not  been  altogether  satisfactory 
for  this  pur}X)se.     In  the  first  place,  a  consul  is  obliged  to  remain  prac- 
tically all  the  time  at  his  place  of  business — at  Hamburg,  or  Bremen, 
or  some  other  city,  as  the  case  may  be — and  while  he  can  watch  in  a 
general  way  the  trade  at  a  single  port,  he  has  to  remain  right  there  in 
order  to  attend  to  the  routine  duties  of  the  consular  office.     Unfortu- 
nately, the  course  of  trade  can  not  be  satisfactorily  investigated  by  a 
man  confined  to  a  single  place.     In  order  to  get  a  fair  idea,  for  instance, 
of  the  butter  export  trade  of  Denmark,  it  would  be  necessary  to  ti-avel 
over  that  country,  to  go  from  the  creamery  to  the  terminal  warehouse 
at  the  port,  and,  in  fact,  it  would  be  advisable  to  leave  the  port  and 
accompan}^  the  butter  on  the  steamer  to  its  place  of  destination.    This 
is  the  plan  followed  by  these  other  agricultural  countries  that  are  send- 
ing out  agents.     The  agents  are  instnicted  to  begin  at  the  beginning 
and  to  trace  the  tirade  to  its  final  destination,  in  order  to  gain  an  accu- 
rate knowledge  of  all  its  conditions.     The  consular  officers  are  neces- 
sarily engrossed  a  good  deal  of  the  time  with  the  routine  of  the  consular 
business.     As  a  matter  of  fact,  they  can  not  always  take  the  time  neces- 
sary to  make  a  thorough  investigation  of  special  inquiries  sent  to  them. 
Furthermore,  a  consul  is  appointed  to  represent  the  United  States  trade 
interests  as  a  whole,  and  when  the  Department  of  Agriculture,  through 
the  State  Department,  as  is  necessary,  sends  to  him  for  certain  infor- 
mation about  a  particular  feature  of  the  agricultural  export  trade,  that 
consul  may  have  on  file  in  his  office,  and  probably  has,  a  numter  of 
requests  from  other  sources  that  take  precedence,  and  so  the  Depart- 
ment of  Agriculture  has  to  wait.     The  consul's  attention  is  necessarilv 
divided.     He  is  not  working  in  the  interest  of  agriculture  any  more 
than  he  is  in  the  interest  of  other  industries,  and  that,  of  course,  is 
a  great  objection  from  our  point  of  view.     It  is  very  important  for 
us  to  have  men  abroad  whom  we  can  direct  and  who  can  work  under 
the  Department's  supervision.     That  is  the  reason  why  I  feel  that  we 
never  can  expect  from  the  consular  service,  no  matter  how  much  it 
may  be  improved,  such  result^  as  other  countries  are  getting  from 
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the  employment  of  agricultural  experts  working  in  foreign  countries. 
I  belie^^e  that  the  emploj^ment  of  special  agents  of  the  Department 
abroad  is  the  most  feasible  way  of  getting  the  information  we  want. 
By  placing  the  right  kind  of  men  in  competing  countries  and  in  coun^ 
tries  that  aflFord  us  most  of  our  markets,  we  can  undouotedly  gather 
inforixiation  that  will  be  of  great  value  in  extending  our  trade. 

AGRICULTrRAL    ATTACni'lS    AT    EMBASSIES. 

To  supplement  the  work  that  can  be  expected  from  these  special 
agents,  I  am  in  favor  of  appointing  agricultural  attaches  to  our  embas- 
sies in  certain  of  the  most  important  countries.     1  am  in  favor  of  that 
plan  because  of  our  experience  in  one  case,  that  of  Dr.  Stiles,  who  was 
stationed  at  Berlin  as  an  agricultural  attache.     Although  nominally  a 
diplomatic  official,  and  having  from  the  State  Department  an  appoint- 
ment as  such,  he  was  paid  by  the  Department  of  Agriculture  and  was 
under   the  direction  of  our  Department.     His  work  was  of  great 
advantage  to  the  Department.     He  traveled  about  over  Europe,  as 
occasion  seemed  to  demand,  following  the  instructions  of  the  Depart- 
ment, in  order  to  investigate  matters  affecting  our  agricultural  export 
trade,  and  in  this  capacity  he  rendered,  on  the  whole,  a  most  valuable 
sennce.     His  appointment  was,  of  course,  something  of  an  experiment, 
but  I  think  that  it  was  eminentlv  successful.     It  is  mv  belief  that  a 
few  such  agricultural  attac^hes,  having  a  diplomatic  status,  could  be  of 
great  service  abroad  to  our  agricultural  interests.     Their  diplomatic 
status  would  give  them  certain  advantages  over  other  agents. 

Q.  (By  Mr.  A.  L.  Harris.)  They  would  be  very  valuable  in  study- 
ing the  wants  and  tastes  of  foreign  people  also,  so  as  to  learn  the 
proper  preparation  of  our  agricultural  products  for  export,  would 
they  not'i^ — A.  That  is,  of  course,  at  the  base  of  our  export  trade. 
First  of  all,  we  must  put  up  a  product  that  will  be  acceptable  in  the 
market  to  which  it  is  sent.  It  is  of  the  highest  importance  to  study 
the  peculiar  tastes  and  requirements  of  the  various  foreign  markets  in 
order  that  we  may  know  what  kind  of  a  product  to  prepare  for  export. 

additional  examples  of  export  measures  taken  by  foreign 

countries. 

EXPORTS   OF   BACON    FROM    DENMARK. 

I  spoke  of  the  Canadian  bacon  trade  competing  somewhat  with  the 
I^anish  bacon  trade.  The  Danes  have  been  preeminently  successful  in 
meeting  the  requirements  of  foreign  markets,  and  especially  of  their 
great  foreign  market,  the  British  market.  Soon  after  the  Danes  had 
placed  their  export  trade  in  butter  on  a  sure  footing  they  began  to 
^^ch  out  after  a  market  for  bacon  in  Great  Britain.  They  studied 
the  wants  of  that  market  and  thoy  produced  a  bacon  that  met  those 
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wants.  In  1880  they  exported  about  13,000,000  pounds  of  pork, 
chiefly  bacon.  In  1890  they  expoi-ted  65,000,000  pounds.  In  18^ 
the  last  year  for  which  we  have  their  figures,  they  exported  135,(XXr»j^^ 
pounds,  sending  most  of  it  to  Great  Britain.  In  less  than  twenty 
years  they  developed  a  tmde  that  now  amounts  in  value  to  abont 
$15,000,000.  They  did  so,  as  I  said,  by  studying  the  requi^eIIlent^  of 
the  British  market  and  meeting  those  requirements. 

EXPORTS   OP   BACON    FROM   CANADA. 

Q.  Are  there  any  other  countries  becoming  competitors  of  American 
products  along  the  line  of  studying  the  wants  and  tastes  and  methods 
of  supplying  those  want**  or  tastes  'i — A.  As  the  Canadian  people  fol- 
lowed the  Danes  in  their  methods  of  exporting  butter,  so  they  have 
followed  them  in  regard  to  the  bacon  export  trade — the  two  products 
natui'ally  go  hand  in  hand.  Canada  took  the  same  measures  that  Den- 
mark had  taken  to  get  at  the  requirements  of  Great  Britain  in  that 
product,  and  the  result  is  shown  b}^  the  Canadian  export  figures.  In 
1890  Canada  shipped  of  bacon  about  7,000,000  pounds,  chiefly-  to  Great 
Britain.  In  1899,  within  a  decade,  the  Canadian  exports  amounted  to 
nearly  112,000,000  pounds. 

EXPORTS  OF   ftACON   FROM  THE   UNITED   STATES. 

Our  own  exports  of  bacon,  of  course,  are  enormous,  but  the\^  do  not 
show  any  such  growth  as  I  have  just  exhibited  for  Denmark  and 
Canada.     In  fact,  there  seems  to  be  danger  of  a  decline  in  our  export 
trade  in   bacon.      We  arc  beginning  to  feel  seriously^  the  competi- 
tion of   these  other  exporting  countries.     The  first  year  for  which 
our  shipments  of  bacon  were  separately  reported  is  1881.     In  that 
year  we   exported   673,000,000   pounds  of    bacon,   valued   at  about 
$54,000,000.     In    1890  we  exported  532,000,000  pounds,  valued  at 
about  $39,000,000.     In  1895  we  exported  only  453,000,000  pounds, 
valued  at  about  $38,000,000.    Last  year,  1899,  we  exported  563,000,000 
pounds,  worth  about  $42,000,000.     While  our  exports  for  1899  were 
larger  than  those  for  1890  and  1895,  y^ou  will  see  that  they  were  con- 
siderably smaller  than  our  exports  in  1881,  which  was  about  the  time 
when  the  bacon  shipmenti^  from  these  other  countries  were  beginning 
to  become  prominent.     Taking  the  record  of  1899,  we  find  that  we 
sent  abroad  in  that  year  over  100,000,000  pounds  less  than  in  1881, 
about  twenty  years  ago.      It  is  a  question  whether  in  the  years  to 
come  we  shall  not  feel  still  more  seriously  the  competition  of  such 
countries  as  Denmark  and  Canada,  and  also  the  Australasian  colonies 
that  are  now  beginning  to  ship  bacon  to  England,  unless  we  take  some 
measures  to  adapt  our  product  more  closely  to  the  requirements  of  the 
British  market. 
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KIND  OF  BACON  PREFEBBEO   IN   ENGLAND. 


The  bacon  preferred  by  the  British  nation  is  what  is  known  as  the 
Wiltshire  bacon.  It  is  different  from  our  bacon  in  being  much  leaner 
and  firmer.  The  objection  to  our  bacon  is  that  it  is  too  fat,  being  a 
corn-fed  bacon.     It  does  not  bring  as  high  a  price. 

Q.  They  prefer  a  streak  of  lean  and  a  streak  of  fat,  instead  of  aU 
fat? — A.  They  like  a  leaner  bacon  than  ours.  The  Tamworth  and 
Yorkshire  swine  seem  to  be  the  preferred  breeds  for  producing  bacon 
for  the  British  market. 

Q.  (By  Mr.  Faequhak.)  Is  not  one  of  the  reasons  that  we  fatten 
our  hogs  too  fast,  and  that  makes  a  fatter  meat? — A.  Yes,  they  are 
too  fat;  that  is  the  chief  objection. 


PRICES  OF  BAOON   IN   ENGLAND. 


I  was  about  to  quote  the  import  prices  in  £ngland  of  the  bacon 

received  from  the  United  States,  from  Canada,  and  from  Denmark.     In 

1899  the  average  annual  price  of  the  bacon  imported  into  the  United 

Kingdom  from  the  United  States  was  about  7  cents  a  pound,  the  exact 

quotation  being  6.96  cents.     The  average  price  of  the  bacon  imported 

from  Canada  was  7.3  cents  a  pound.     The  average  price  of  the  bacon 

imported  from  Denmark  was  10.6  cents  per  pound.     In  other  words^ 

there  was  a  difference  during  1899  of  about  3^  cents  per  pound  in  favor 

of  the  Danish  pork  over  ours,  which  is  very  significant.    When  you 

consider  the  fact  that  we  exported  last  year  563,000,000  pounds  of 

bacon,  most  of  which  went  to  Great  Britain,  you  can  readily  see  that 

even  a  slight  enhancement  in  the  price  would  have  meant  an  enormous 

gain  to  the  American  farmer.     If  the  importance  of  this  matter  could 

be  brought  home  to  producers  in  the  United  States,  so  as  to  lead  them 

to  change  their  methods  of  production  by  selecting  only  the  preferred 

bacon  breeds  and  feeding  the  kind  of  rations  that  will  produce  the 

bacon  most  highly  favored  abroad,  it  would  be  a  most  profitable  lesson, 

I  am  sure,  for  the  farming  community. 

The  case  of  bacon  illustrates  in  a  very  striking  manner,  I  think,  the 
point  that  you  just  suggested  about  the  importance  of  ascertaining  and 
meeting  the  exact  requirements  of  foreign  markets. 

METHODS   ADOPTED   BY   AUSTTRALABIAN  COLONIES. 

Q.  (By  Mr.  A.  L.  Harris.)  I  believe  you  have  covered  all  the  points 
that  I  have  down  here,  Professor,  together  with  suggestions  as  to  the 
possibilities  of  the  extension  of  our  markets,  and  I  do  not  know  but  so 
far  as  additional  legislation  is  concerned.  If  you  have  anything  fur- 
ther, however,  to  suggest  in  regard  to  any  remedy  for  the  grievances 
that  you  have  mentioned,  the  commission  will  be  glad  to  hear  you. — 
A.  I  spoke  quite  fully  of  w^hat  Canada  had  been  doing,  and  referred 

13325 4 


52      FOBEIGN  MABKET8  FOB  AMEBICAN  AaBICULTTTBAL  PBODUCT8. 

ures  as  regards  our  own  exports  if  we  do  not  wish  to  fall  behind.  The 
figurQ3  that  I  have  quoted  as  to  the  exports  of  butter  from  Denmark, 
Australasia,  and  Canada,  the  exports  of  cheese  fi*om  Canada,  and  of 
bacon  from  Denmark  and  Canada,  are,  to  my  mind,  very  significant, 
and  should  serve  as  a  warning  to  our  own  producei*s  who  depend  upon 
the  foreign. market. 

TIME   FOB  MOBE   ACTTVE   GOVEBNMENT  ATTENTION. 

Q.  (By  Mr.  A.  L.  Habbis.)  You  think  the  time  is  coming,  if  not 
here,  that  the  Government  may  well  take  some  steps  in  the  way  of 
extending  and  holding  our  markets? — A.  I  do,  most  assuredly.  I 
think  it  is  time  for  the  Government  to  give  the  subject  more  active 
attention. 

VALUE    OF  OONSULAB  AND   DIPLOMATIC  AID. 

Q.  Have  you  anything  additional  that  you  care  to  suggest? — A. 
There  is  one  thing  further  that  I  should  like  to  say  to  the  conmiittee 
before  closing.     I  do  not  wish  to  be  misunderstood  about  my  reference 
to  the  consular  service.     I  do  not  want  to  underestimate  the  value  of 
the  services  that  the  consular  corps  can  render  and  does  render.    There 
is  no  question  that  the  consular  service  as  at  present  constituted  is  sup- 
plying a  great  deal  of  valuable  information  to  our  exporters.     I  think 
that  the  services  of  the  consuls  are,  as  a  rule,  decidedly  valuable,  but 
I  have  been  impressed  with  the  importance  of  adopting  some  additional 
measures,  such  as  are  taken  by  the  countries  with  which  we  have  to 
compete.     I  am  in  favor  of  sending  out  as  foreign  agents  men  specially 
qualified  to  acquire  information  regarding  the  agricultural  export  trade. 
I  believe  that  experts  along  that  line  can  add  greatly  to  the  service  we 
are  receiving  at  the  hands  of  the  consular  officials.     There  are  also 
some  special  advantages  to  be  gained  by  having  a  few  representatives 
in  the  diplomatic  sen'^ice — representatives  solely  of  the  agricultaral 
interests.     There  are  several  cases,  as  you  know,  where  agricultural 
attaches  have  been  appointed  by  other  nations.     One  case  is  that  of 
Baron  Herman,  here  in  Washington,  who  was  appointed  by  the  Ger- 
man Government  as  an  agricultural  attach^  to  its  embassy  in  the  United 
States.     His  expert  knowledge  of  agricultural  matters  makes  him 
remarkably  well  qualified  for  the  position,  and  he  is  undoubtedly  ren- 
dering most  valuable  services  to  the  German  Government.    Only  a  few 
days  ago  Baron  Herman  called  at  my  office  to  present  a  similar  attach^ 
who  had  just  been  appointed  by  the  Austro-Hungarian  Grovernment  as 
an  agricultural  expert  at  Washington.     Foreign  agriculturists  recog- 
nize the  advantage  of  having,  in  addition  to  the  consular  service,  spe- 
cial representatives  abroad  working  solely  for  the  agricultural  interests, 
and  I  feel  that  it  is  important  for  us  to  adopt  the  same  advantageous 
measures.     We  should  avail  ourselves  of  equal  facilities  or  better. 
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There  is  another  thought  that  has  just  occurred  to  me.  It  is  that  a 
great  deal  can  be  done  for  our  export  trade  through  the  medium  of  the 
various  expositions  that  are  held  periodically  all  over  the  world.  I 
believe  that  it  would  be  profitable  for  the  Government  to  take  even 
greater  measures  than  it  has  in  the  past  to  have  at  all  such  expositions 
an  ample  display  of  our  agricultural  products. 

CONCLUSION. 

In  answering  the  interrogatories  of  the  committee,  I  have  not  pre- 
tended to  mention  all  the  measures  that  might  be  thought  of  to  extend 
our  agricultural  export  trade.  I  have  simply  endeavored  to  touch 
upon  what  appeared  to  be  the  most  important  features  of  the  subject 
as  suggested  by  your  questions. 

(Testimony  closed.) 
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in  a  general  way  to  what  the  Australasian  colonies  had  attempted  ae 
regards  governmental  control  of  and  aid  to  the  agricultural  export 
trade.  I  should  like  to  mention  a  plan  that  has  been  adopted  by  New 
South  Wales,  one  of  the  most  progressive  of  the  Australasian  colonies. 
in  the  interest  of  the  export  trade.  In  1895  the  government  of  that 
colony  appointed  an  export  board,  so  called — "  Board  for  Exports ''  wa? 
the  official  title,  I  believe — to  take  under  consideration  plans  for  tbe 
development  of  a  larger  export  trade  in  the  products  of  the  colony. 
The  method  pursued  by  the  board  was,  at  the  outset,  to  hold  confer- 
ences with  leading  representatives  of  the  various  agricultural  inter- 
ests, such  as  the  dairying  industi*y,  the  meat  exporters,  the  grain 
shippers,  etc.  The  leading  producers  and  shippers  of  the  various 
export  commodities  were  called  into  consultation  by  the  board  and  their 
opinions  solicited  as  to  the  best  measures  to  be  taken  to  assist  their 
particular  branches  of  the  trade.  As  a  result  of  these  confei-enoes  a 
great  deal  of  valuable  and  practical  information  was  elicited,  and  the 
board,  on  the  strength  of  what  it  had  thus  learned,  made  certain  rec- 
ommendations to  the  government,  which  were  afterwards  carried  out 

Government  aid  and  control. — In  a  general  way  the  measures  adopted 
in  Australasia  correspond  leather  closely  to  what  has  been  done  in  Den- 
mark and  in  Canada;  but,  if  anything,  the  Australasian  colonies  have 
gone  even  farther  than  those  countries  in  the  direction  of  government 
aid  and  control.  New  South  Wales  and  Victoria,  I  think,  were  the 
prime  movers  in  the  project  to  assist  the  export  trade  of  Australasia  by 
State  intervention,  but  the  other  colonies  have  been  quick  to  see  the 
advantages  of  such  a  movement,  and  the}*^  are  now  adopting  similar 
provisions. 

Better  transportatiA/n  and  tenahwl  faciUties. — ^One  of  the  first  things 
done  by  the  Australasian  colonies  to  facilitate  their  export  trade  was 
the  securing  of  better  transportation  facilities  by  rail  from  the  farm- 
ing districts  to  the  ports  of  shipment.     Cold  storage  on  the  trains  was 
procured,  as  it  had  been  in  Canada,  and  cold-storage  warehouses  were 
established  at  the  ports  of  shipment  where  products  could  be  safely 
kept  until  the  time  of  sailing.     Arrangements  were  also  made  with  the 
steamship  companies  to  provide  regular  sailings  from  the  ports  to  the 
British  market  and  to  furnish  refrigeration  facilities  on  board.   Another 
method  taken  by  the  Australasian  colonies  was  the  establishment  of 
cold-storage  depots  and  warehouses  at  London  and  other  British  ports. 
Several  of  the  colonies  have  depots  there  for  their  products,  under  the 
management  and   control  of  government  agents,  who  receive  the 
produce  as  it  comes  from  the  ship,  keep  it  in  cold  storage  when 
necessary,  and  take  measures  for  its  proper  disposal  in  the  market 
The  establishment  of  these  terminal  depots  has  undoubtedly  rendered 
great  assistance  to  the  Australasian  export  trade. 

Special  agents  abroad  to  study  methods. — ^The  colonies  of  Australasia 
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lave  also  adopted  the  policy  of  sending  agents  to  study  the  methods  of 
atlier  exporting  countries.  Their  agents  have  come  to  the  United 
States  to  study  our  methods;  they  have  gone  to  Canada  to  study  the 
methods  there;  they  have  visited  Denmark  and  other  countries  for  the 
same  purpose — and  in  each  instance  have  reported  to  their  own  govern- 
ments the  results  of  their  investigations.  These  colonial  governments 
have  taken  pains  to  study  the  methods  of  other  countries  in  order  to 
follow  them,  as  far  as  it  seemed  wise,  in  developing  their  own  trade. 

JPrisesfor  best  results. — The  Australasian  colonies  have  also  adopted 
one  of  the  most  important  plans  inaugurated  by  Denmark,  namely, 
that  of  offering  prizes  for  products  put  up  in  the  best  shape  for  export. 
The  government  furnishes  the  producers  with  careful  instructions  as 
to  the  kind  of  product,  style  of  packing,  marking,  labeling,  etc.,  desired 
for  the  export  trade,  and  under  these  conditions,  at  stated  intervals, 
contests  are  held,  at  which  liberal  prizes  are  offered  for  the  products 
that  best  fill  the  requirements.     This  plan  of  offering  prizes  for  supe- 
rior export  produce,  and  thus  furnishing  an  immediate  incentive  to 
the  producer,  was  a  very  important  factor,  it  is  said,  in  bringing  the 
export  butter,  bacon,  etc.,  of  Denmark  up  to  a  high  standard,  and  the 
official  reports  from  the  Australasian  colonies  indicate  that  it  has  also 
been  an  important  factor  there. 

ADULTERATION  OP  EXPOBT  PRODUCE. 

Q.  (By  Mr.  Kennedy.)  Do  you  believe  that  the  adulteration  of 
manufactured  products  in  America  is  ruining  the  foreign  markets  for 
those  products,  and  that  these  people  that  you  speak  about  seeing 
abroad  are  thus  taking  advantage  of  it  to  gain  those  markets  with 
pure-food  products? — A.  Wherever  we  are  losing  trade  on  the  ground 
yon  mention,  these  other  exporting  countries  are  unquestionably  tak- 
ing advantage  of  the  fact.  When  the  inferior  quality  of  one  of  our 
products  causes  it  to  find  a  less  ready  sale  in  a  foreign  market,  our 
competitors  are  quick  to  grasp  the  opening  thus  afforded;  there  is  no 
doubt  of  that. 

recent  growth  of  COMPETTTION. 

And,  generally  speaking,  I  wish  to  say  that  the  question  of  compe- 
tition in  regard  to  our  agricultural  exports  has  only  of  late  been 
assuming  such  great  importance.  It  has  become  a  more  vital  ques- 
tion within  the  last  few  years  because  of  these  very  measures  that  are 
^ing  taken  by  competing  countries  to  gain  and  control  the  foreign 
Dttarkets  upon  which  we  have  hitherto  depended.  The  measures  that  I 
liave  mentioned  are  all  comparatively  recent.  Foreign  countries  have 
^n  doing  more  within  the  last  decade  than  ever  before  in  the  way  of 
pushing  by  governmental  assistance  the  exports  of  their  agricultural 
Products.    It  is  therefore  important  for  us  to  take  more  active  meas- 
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ures  as  regards  our  own  exports  if  we  do  not  wish  to  fall  behind.  The 
figurQ3  that  I  have  quoted  as  to  the  exports  of  butter  from  Denmark. 
Australasia,  and  Canada,  the  exports  of  cheese  from  Canada,  and  of 
bacon  from  Denmark  and  Canada,  are,  to  my  mind,  very  significant, 
and  should  serve  as  a  warning  to  our  own  producei*s  who  depend  upon 
the  foreign. market. 

TIME   FOR  MORE   ACTIVE   GOVERNMENT  ATTENTION. 

Q.  (By  Mr.  A.  L.  Harris.)  You  think  the  time  is  coming,  if  not 
here,  that  the  Government  may  well  take  some  steps  in  the  way  ol 
extending  and  holding  our  markets? — A.  I  do,  most  assuredly.  I 
think  it  is  time  for  the  Government  to  give  the  subject  more  active 
attention. 

VALUE    OF  OONSUIiAR  AND   DIPLOMATIC  AID. 

Q.  Have  you  anything  additional  that  you  care  to  suggest! — ^A. 
There  is  one  thing  further  that  I  should  like  to  say  to  the  conunittee 
before  closing.     I  do  not  wish  to  be  misunderstood  about  my  reference 
to  the  consukr  service.     I  do  not  want  to  underestimate  the  value  of 
the  services  that  the  consular  corps  can  render  and  does  render.    There 
is  no  question  that  the  consular  service  as  at  present  constituted  is  sup- 
plying a  great  deal  of  valuable  information  to  our  exporters.     I  think 
that  the  services  of  the  consuls  are,  as  a  rule,  decidedly  valuable,  but 
I  have  been  impressed  with  the  importance  of  adopting  some  additional 
measures,  such  as  are  taken  by  the  countries  with  which  we  have  to 
compete.     I  am  in  favor  of  sending  out  as  foreign  agents  men  specially 
qualified  to  acquire  information  regarding  the  agricultural  export  trade. 
I  believe  that  experts  along  that  line  can  add  greatly  to  the  service  we 
are  receiving  at  the  hands  of  the  consular  officials.     There  are  also 
some  special  advantages  to  be  gained  by  having  a  few  representatives 
in  the  diplomatic  service — representatives  solely  of  the  agricultural 
interests.     There  are  several  cases,  as  you  know,  where  agricultural 
attaches  have  been  appointed  by  other  nations.     One  case  is  that  of 
Baron  Herman,  here  in  Washington,  who  was  appointed  by  the  Grer- 
man  Government  as  an  agricultural  attach^  to  its  embassy  in  the  United 
States.     His  expert  knowledge  of  agricultural  matters  makes  him 
remarkably  well  qualified  for  the  position,  and  he  is  undoubtedly  ren- 
dering most  valuable  services  to  the  German  Government.    Only  a  few 
days  ago  Baron  Herman  called  at  my  office  to  present  a  similar  attach^ 
who  had  just  been  appointed  by  the  Austro-Hungarian  Grovernment  as 
an  agricultural  expert  at  Washington.     Foreign  agriculturists  recog- 
nize the  advantage  of  having,  in  addition  to  the  consular  service,  spe- 
cial representatives  abroad  working  solely  for  the  agricultural  interests, 
and  I  feel  that  it  is  important  for  us  to  adopt  the  same  advantageous 
measures.     We  should  avail  ourselves  of  equal  facilities  or  better. 
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There  is  another  thought  that  has  just  occurred  to  me.  It  is  that  a 
f reat  deal  can  be  done  for  our  export  trade  through  the  medium  of  the 
irarious  expositions  that  are  held  periodically  all  over  the  world.  I 
t>elieve  that  it  would  be  profitable  for  the  Government  to  take  even 
greater  measures  than  it  has  in  the  past  to  have  at  all  such  expositions 
gtn  ample  display  of  our  agricultural  products. 

CONCLUSION. 

In  ansuvering  the  interrogatories  of  the  committee,  I  have  not  pre- 
tended to  mention  all  the  measures  that  might  be  thought  of  to  extend 
our  agricultural  export  trade.  I  have  simply  endeavored  to  touch 
upon  what  appeared  to  be  the  most  important  features  of  the  subject 
as  suggested  by  your  questions. 

(Testimony  closed.) 
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Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  on  a  new 

enzym  occurring  in  the  tobacco  plant,  and  probably  having  much  to 

do  with  the  fermentation  and,  possibly,  with  the  development  of  flavor 

and  aroma  in  tobacco.     It  represents  work  done  in  cooperation  with 

the  Division  of  Vegetable  Physiology  and  Pathology  of  this  Depart-^ 

ment. 

Respectfully. 

Milton  Whitney, 

Chief  of  Division. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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Dear  Sir:  In  continuation  of  the  cooperative  work  of  this  Division 
and  the  Division  of  Soils,  I  hand  you  herewith  a  paper  prepared  b\' 
Dr.  Oscar  Loew,  on  catalase,  a  new  enzyin  of  general  occurrence,  with 
special  reference  to  the  tobaciro  plant.  The  paper  is  the  result  of  inves- 
tigations carried  on  in  connection  with  the  tobacco  work  in  your  charge. 
I  regret  very  much  to  state  that  this  will  be  the  last  of  the  series  of 
important  papers  by  Dr.  Loew  which  will  be  brought  out  in  coopera- 
tion with  your  Division,  as  he  has  just  accepted  a  position  in  the  Impe- 
rial University  at  Tokyo,  Japan. 
Respectfully, 

B.  T.  Galloway, 

67/  i^y  of  Divisioti . 
Prof.  Milton  Whitney, 
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ures  as  regards  our  own  exports  if  we  do  not  wish  to  fall  behind.  Tht 
figurQ3  that  I  have  quoted  as  to  the  exports  of  butter  from  Denmark. 
Australasia,  and  Canada,  the  exports  of  cheese  fi'om  Canada,  and  of 
bacon  from  Denmark  and  Canada,  are,  to  my  mind,  very  significant, 
and  should  serve  as  a  warning  to  our  own  producei-s  who  depend  apoo 
the  foreign. market. 

TIME   FOR  MORE   ACTIVE   GOVERNMENT  ATTENTION. 

Q.  (By  Mr.  A.  L.  Harris.)  You  think  the  time  is  coming,  if  not 
here,  that  the  Government  may  well  take  some  steps  in  the  -wslv  of 
extending  and  holding  our  markets? — A.  I  do,  most  assuredly.  I 
think  it  is  time  for  the  Grovernment  to  give  the  subject  more  active 
attention. 

VALUE    OF  consular  AND   DIPLOMATIC  AID. 

Q.  Have  you  anything  additional  that  you  care  to  suggest? — ^A. 
There  is  one  thing  further  that  I  should  like  to  say  to  the  conunittee 
before  closing.     I  do  not  wish  to  be  misunderstood  about  my  reference 
to  the  consular  service.     I  do  not  want  to  underestimate  the  value  of 
the  services  that  the  consular  corps  can  render  and  does  render.    There 
is  no  question  that  the  consular  service  as  at  present  constituted  is  sup- 
plying a  great  deal  of  valuable  information  to  our  exporters.     I  think 
that  the  services  of  the  consuls  are,  as  a  rule,  decidedly  valuable,  but 
I  have  been  impressed  with  the  importance  of  adopting  some  additional 
measures,  such  as  are  taken  by  the  countries  with  which  we  have  to 
compete.     I  am  in  favor  of  sending  out  as  foreign  agents  men  specially 
qualified  to  acquire  information  regarding  the  agricidtural  export  trade. 
I  believe  that  experts  along  that  line  can  add  greatly  to  the  service  we 
are  receiving  at  the  hands  of  the  consular  officials.     There  are  also 
some  special  advantages  to  be  gained  by  having  a  few  representatives 
in  the  diplomatic  service — representatives  solely  of  the  agricultural 
interests.     There  are  several  cases,  as  you  know,  where  agricultural 
attaches  have  been  appointed  by  other  nations.     One  case  is  that  of 
Baron  Herman,  here  in  Washington,  who  was  appointed  by  the  Ger- 
man Government  as  an  agricultural  attach^  to  its  embassy  in  the  United 
States.     His  expert  knowledge  of  agricultural  matters  makes  him 
remarkably  well  qualified  for  the  position,  and  he  is  undoubtedly  ren- 
dering most  valuable  services  to  the  German  Government.    Only  a  few 
days  ago  Baron  Herman  called  at  my  office  to  present  a  similar  attach^ 
who  had  just  been  appointed  by  the  Austro-Hungarian  Grovernment  as 
an  agricultural  expert  at  Washington.     Foreign  agriculturists  recog- 
nize the  advantage  of  having,  in  addition  to  the  consular  service,  spe- 
cial representatives  abroad  working  solely  for  the  agricultural  interests, 
and  I  feel  that  it  is  important  for  us  to  adopt  the  same  advantageous 
measures.     We  should  avail  ourselves  of  equal  facilities  or  better. 


FOREXGHS^  MARKETS  FOB  AMERICAN  AGRICULTURAL  PRODUCTS.        53 
VALUE   OF   AMERICAN   AGRICULTURAL   EXHIBITS   ABROAD. 

There  is  another  thought  that  has  just  occurred  to  me.  It  is  that  a 
great  deal  can  be  done  for  our  export  trade  through  the  medium  of  the 
various  expositions  that  are  held  periodically  all  over  the  world.  I 
believe  that  it  would  be  profitable  for  the  Government  to  take  even 
greater  measures  than  it  has  in  the  past  to  have  at  all  such  expositions 
an  ample  displaj'  of  our  agricultural  products. 

CONCLUSION. 

In  answering  the  interrogatories  of  the  committee,  I  have  not  pre- 
tended to  mention  all  the  measures  that  might  be  thought  of  to  extend 
our  agricultural  export  trade.  I  have  simply  endeavored  to  touch 
upon  what  appeared  to  be  the  most  important  features  of  the  subject 
«^  suggested  by  your  questions. 

(Testimony  closed.) 
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obtained  from  culture  fluids  of  PeniciUiuTn  glaucum  in  the  maim 
above  described.  The  crude  >^-catalase  from  animal  organs  contaii 
more  proteins  as  impurities  than  that  from  sweated  tobacco. 

While  >^-catalase  ^  behaves  like  an  albumose,  a-catalase  behaves  13 
a  nucleo-proteid,  since  it  is  not  soluble  in  water  alone.  It  can  1 
brought  into  solution  by  dilute  alkaline  liquids  and  precipitated  agai 
therefrom  unchanged  on  the  addition  of  acetic  acid.'  Sweated  tobaoi 
was  finely  pulverized  and  repeatedly  extracted  with  a  lai^e  amount  < 
cold  water,  to  which  a  few  drops  of  ether  had  been  added  in  order  1 
prevent  bacterial  growth,  and  then  treated  for  fifteen  hours  with  a  U 
per  cent  solution  of  caustic  soda.  This  alkaline  extract,  after  filtea 
ing,  was  cautiously  acidulated  with  acetic  acid  (mere  neutralization  doc 
not  yield  a  precipitate),  and  the  precipitate  filtered  off  after  standi]^ 
one  hour.  This  precipitate  possessed,  in  a  considerable  degree,  di 
power  of  decomposing  h^^drogen  peroxid,  while  the  liquid  fiUoe 
from  it  did  not  show  this  power  in  the  Iwwi.  This  behavior  was  ab 
observed  with  green  tobacco  leaves.  Six  hundred  square  eentimetei! 
of  healthy  tobacco  leaves  from  the  gpreenhouse  were  crushed  to  a  fia 
pulp  with  sand  and  left  for  three  hours  in  contact  with  a  0.2  per  oei 
solution  of  ammonium  carbonate.  The  opalescent  filtrate  obtaiiie< 
had  in  a  high  degree  the  power  of  catalyzing  hydrogen  peroxid.  rpn 
adding  dilute  acetic  acid  until  a  slight  acid  reaction  was  reached.  \ 
fine  flocculent  precipitate  containing  the  active  principle  was  formed 
the  filtrate  from  this  precipitate  being  devoid  of  the  catalyziii| 
property. 

The  a-catalase  is,  however,  not  very  readily  extracted  by  alkalii 
liquids.  Even  a  1  per  cent  solution  of  sodium  carbonate  dissolves  i 
but  slowly.  The  solution  thus  obtained  from  sweated  tobacco  tla 
had  been  well  exhausted  with  water  before  the  treatment  with  soditf 
carbonate  was  begun  does  not  give  the  characteristic  blue  reacti<v 
for  oxidase  and  peroxidase  (a  previous  slight  acidulating  of  the  al 
line  liquid  is  necessary  for  these  tests),  hence  a-catalase  also  h&aj 
close  relation  to  these  two  oxidases.  In  these  tests  10  per  cent 
hoi  was  added  to  the  extracting  liquids  to  prevent  bacterial  grot 
during  the  time  of  extraction. 

Connecticut  tobacco,  cured  in  1899,  was  repeatedly  extracted 
water  saturated  with  chloroform.     After  the  removal  of  the  soli 
compounds  this  tobacco  was  left  for  two  days  with  a  0.5  per  centi 
tion  of  sodium  carbonate,  just  enough  to  cover  the  soaked 
with  the  solution.     Then  the  liquid  was  separated  from  the  tol 
and  20  cc.  of  the  brown-colored  filtrate  mixed  with  5  cc.  hvc 
peroxide,  and  in  fifteen  minutes  7.5  cc.  of  oxygen  were  obtained 

*  Special  tests  have  shown  that  it  is  not  a  coagtilable  albumin. 

*  This  militates  against  the  supposition  that  a-catalase  might  be  merely 
in  a  state  of   absorption,  the  same  way  that  colored  matters  are  absorWj 
charcoal. 
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uantity  of  the  expressed  residue  corresponding  to  nearly  2  grams 
f  dry  matter,  after  being  washed  well  and  again  expressed,  was  sus- 
pended in  20  cc.  water  and  10  cc.  hydrogen  peroxid  added;  in  fifteen 
linutes  31  cc.  of  oxygen  were  obtained.  This  shows  that  a  solution 
f  0.5  per  cent  sodium  carbonate  did  not  extract  all  the  ^-catalase  even 
ti  two  days. 

It  is  more  difficult  to  prepare  the  a-catalase  free  from  peroxidase 
rhen  using  green  tobacco  leaves  than  when  cured  and  fermented 
»iv^  are  ased,  since  it  takes  a  long  time  to  wash  out  the  peroxidase 
I'om  the  pulp  prepared  from  the  fresh  leaves.  For  example,  30  cc. 
•f  turbid,  not  filtered,  juice  prepared  from  tobacco  leaves  was  mixed 
rith  ten  times  this  quantity  of  water  and  filtered  after  standing  fifteen 
lours,  leaving  a  green  residue  in  the  filter,  which  even  after  pro- 
onged  washing  yielded  the  reaction  for  peroxidase,  while  that  for 
oxidase  had  ceased  to  be  produced  in  the  wash  waters  after  a  short 
ime. 

Water  alone  dissolves  only  traces  of   or-catalase  at  20°  C,  while 

m 

>rolonged  action  of  water  at  a  moderate  elevation  of  temperature 
gradually  splits  oflf  y^-catalase,  the  process  being  favored  by  adding  a 
(mall  proportion  of  sodium  carbonate. 

The  following  test  shows  that  even  very  large  quantities  of  water 
done  do  not  extract  a-catalase  to  any  noticeable  extent.  Two  grams 
)f  finely  pulverized  cured  tobacco  were  extracted  for  four  hours  with 
W  cc.  of  water  at  20°  C.  and  the  residue  washed  until  the  filtrate  was 
ttearly  colorless.  This  extracted  tobacco  yielded  in  fifteen  minutes, 
upon  the  addition  of  5  cc.  hydrogen  peroxid  and  20  cc.  water,  42  cc. 
oxygen.  Two  grams  of  the  same  tobacco  were  now  extracted  with 
I  liter  of  chloroform  water  for  eighteen  hours.  The  powder  yielded, 
after  washing  under  the  same  conditions  as  before,  40  cc.  oxygen. 

It  seems  strange  that  neither  Schoenbein  nor  Jacobson  observed  that 
the  property  of  catalyzing  hydrogen  peroxid  may  be  due  to  a  soluble 
Bs  well  as  to  an  insoluble  substance.  Schoenbein  mentions  only  once — 
without,  however,  altering  his  opinion  that  the  enzyms  were  the  cause 
of  that  catalysis — that  the  filtered  extracts  of  certain  vegetable  mat- 
ter show  much  less  power  of  catalyzing  hydrogen  peroxid  than  the 
onfiltered.  Jacobson  also  used,  in  his  experiments  mentioned  above, 
the  crude  turbid  extracts,  but  not  purified  enzym  preparations.  He 
used,  for  instance,  an  emulsion  prepared  from  crushed  almonds  instead 
of  purified  emulsin. 

The  following  tests  leave  no  doubt  that  the  transformation  from  the 
insoluble  to  the  soluble  catalase  really  can  take  place.  Sweated  tobacco 
rich  in  or-catalase  was  finely  pulverized,  repeatedly  extracted  with 
chloroform  water  ^  at  the  ordinary  temperature,  and,  when  y5-catalase 

*  Care  must  be  taken  in  the  application  of  chloroform  water  as  an  antiseptic  that  a 
Mill  mtumtion  is  preserved,  otherwise  certain  microbes  will  gradually  develop. 
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conld  no  longer  be  extracted,  heated  with  a  1  per  cent  solutian  «f 
sodium  carbonate  for  one  hour  at  40^  O.  The  mixture  wab  paiieei 
through  flannel  and  the  filtrate  moderately  acidulated  with  acetic  aeii 
to  precipitate  nncleo-proteids.  Hie  clear  filtrate  now  obtained  had  t 
considerable  power  of  catalyzing  hydrogen  peroxid,  although  it  eouU 
not  contain  ^-catalase  any  longer. 

In  a  second  trial  the  exhausted  tobacco  was  heated  for  two  hours  at 
from  45^  to  50^  C,  with  a  solution  of  0.2  per  cent  sodium  carbonale, 
the  filtrate  acidulated  with  acetic  acid,  again  filtered,  and  the  filtnlp 
now  saturated  with  anmionium  sulphate  at  the  ordinary  temperatmr. 
By  this  treatment  the  active  principle  was  salted  out,  as  is  tlie  case  witb 
/S-catalase,  the  precipitate  showing  powerful  action  while  the  filtratf 
showed  only  slight  traces  of  activity.  It  may  also  be  stated  that  tfcf 
salted-out  product  was  easily  soluble  c^in  in  water  and  can  not  there- 
fore have  consisted  of  nucleo-proteids. 

Since  there  is  a  zymogen  for  every  well-known  enzj^m,  the  supposi- 
tion seems  justifiable  that  there  is  also  a  zymogen  of  catala^e.  Varioa< 
observers  have  shown  that  animal  or  vegetable  cells,  before  they  form 
the  enzyms,  are  rich  in  small  granules,  which  disappear  in  a  measure  » 
the  enzyms  are  formed.  The  substance  first  secreted  by  the  nucleus 
forming  the  granules  in  the  cytoplasm,  is  distinguished  by  Alacallum 
as  pro-zymogen.  Vines,  in  his  investigation  on  the  presence  of  diasbu^ 
in  leaves,  observed  that  the  turbid  unfiltei'ed  extracts  saccharified 
more  starch  than  the  clear  filtered  ones.  Brown  and  Morris  found, 
furthermore,  that  powdered  leaves  are  more  powerful  in  diastibjf 
action  than  an  aqueous  extract  prepared  from  the  same  amount  of  kaf. 
Whether  the  action  here  is  caused  by  a  zymogen  which  is  ^radnallj 
transformed  into  diastase,  or  whether  the  diastase  itself  is  retained  to 
a  certain  extent  by  the  solid  compounds  of  the  leaf,  has  not  beei 
decided.  It  has  been  observed  that  highly  dilute  acids  bring  on  tbe 
transformation  of  zymogen  into  enzym.  J.  Reynolds  Green  has  found 
that  certain  rays  of  light — located  chiefly  in  the  red,  orange^  and  Woe 
regions  of  the  spectrum — and  a  prolonged  exposure  to  a  teDiperature 
of  38^  C.  can  also  cause  this  change.* 

The  existence  of  a  zymogen  of  catalase  in  tobacco  leaves  appears 
probable  from  an  observation  of  the  writer  that  in  the  proce^»^5  oi 
sweating  tobacco  in  bulk  at  a  temperature  of  from  40"^  to  5^)^  C.  the 
power  of  catalj'zing  hydrogen  peroxid  is  increased,  not  only  for  tbe 
soluble  but  also  for  the  insoluble  catalase.  Digestion  with  0.1  |ier 
cent  oxalic  acid  at  from  25°  to  36°  C.  proved  a  failure  in  this  directioB. 
since  the  catalytic  power  was  decreased  thereby.  Acids  therefofr 
seem"  unsuited  to  transform  zymogen  into  enzym  in  the  case  of  catalase. 

>Philo6oph.  Transactions,  vol.  188  (1897).  On  the  other  hand,  diastasap  iteeli» 
gradually  destroyed  by  white  light,  as  the  same  author  has  obfserved. 


17 

EFFECTIVENESS   OF   THE    /^-CATALASE. 

For  the  following  tests  a  preparation  of  crude  /?-catalase  was  used 
which  was  obtained  by  salting  out  with  ammonium  sulphate  a  concen- 
trated  cold-prepared  extract  of  tobacco  recently  sweated  in  bulk.  The 
precipitate,  after  being  pressed  between  filter  paper,  was  permitted  to 
dry  at  the  room  temperature.  A  1  per  cent  solution  of  this  crude  ft- 
catalase,  still  containing  a  considerable  amount  of  ammonium  sulphate, 
-was  prepared.  One  cc.  of  this  solution  was  mixed  with  20  cc.  of  water 
and  2  cc.  of  common  hydrogen  peroxid  (neuti*alized).  The  volume  of 
oxygen  evolved  for  different  lengths  of  time  was  as  follows: 

cc 

After  5  ininiitea 12 

After  10  minutes 17 

After  16  minutes 20.  2 

This  result  shows  that  in  the  dilution  of  1:2,000  the  crude  enzym 
decomposed  six  times  its  own  weight  of  anhydrous  hydrogen  peroxid 
in  sixteen  minutes^ 

In  the  next  test  the  reaction  of  the  mixture  was  kept  slightly  alkaline 
and  the  amount  of  hydrogen  peroxid  increased  to  10  cc,  the  other 
conditions  being  the  same  as  before: 

cc. 

After  5  minutes 20 

After  10  minutes 38 

After  15  minutes 55 

After  40  minutes 76 

After  55  minutes ^ 80 

After  15  hours 101.  5 

In  a  further  test  1  cc.  of  the  1  per  cent  catalase  solution  mentioned 
above  was  diluted  with  200  cc.  water  and  1  cc.  hydrogen  peroxid 
added.  One  minute  after  the  mixture  was  made  the  reaction  for 
hydrogen  peroxid  was  still  very  powerful.^  After  twenty -five  minutes, 
however,  the  reaction  was  very  weak,  and  after  thirty -two  minutes 
there  was  no  trace  of  h3'drogen  peroxid  left.  This  test  was  repeated 
with  the  modification  that  the  amount  of  water  was  increased  to  60(J 
cc.  and  the  amount  of  hydrogen  peroxid  decreased  to  0.5  cc.  After 
twenty -one  minutes  the  reaction  for  hydrogen  peroxid  was  very  much 
weaker  than  in  the  beginning,  and  after  fifty  minutes  no  reaction  at 
all  was  obtained.  This  shows  that  even  in  a  dilution  of  1:  50,000  the 
crude  enzym  was  still  very  active.  In  the  control  case,  where  the 
ifolution  of  the  enzym  was  boiled  for  a  second,  the  reaction  for  hydro- 
gen peroxid  did  not  decrease  to  any  noticeable  degree  within  the  same 
length  of  time. 

While  catala.*4e  attacks  hydrogen  peroxid  very  readily,  the  hydrogen 
peroxid  also  has,  when  applied  in  moderate  concentration,  a  directly 

^  Tbe  test  was  made  with  iodide  of  potassium,  starch,  aud  a  trace  of  ferrouifi  sulphate. 
15253 2 
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oxidizing  influence  upon  the  enzym.  ThLs  accounts  for  the  rapi'j 
decrease  of  the  amount  of  oxygen  developed  and  for  the  fact  thsitt 
point  is  reached  comparatively  soon  where  the  enzym  becomes  entirely 
inactive.  Sweated  tobacco,  0.1  gram  of  which  developed  32  cc.  of 
oxygen  in  fifteen  minutes  when  suspended  in  a  mixture  of  10  cr. 
water  with  5  cc.  hydrogen  peroxid,  did  not  develop  any  more  after 
the  saiHe  quantity  had  been  left  for  fifteen  hours  in  contact  with  25  cc. 
of  the  same  mixture.  It  may  safely  be  assumed  that  the  detrimental 
effect  of  hydrogen  peroxid  is  diminished  very  much  by  high  dilution. 
The  activity  of  /^-catalase  increases  up  to  a  tempei-ature  of  about 
40^  C.  With  further  elevation  of  the  temperature  the  oxidizing  action 
of  hydrogen  peroxid  upon  the  enzym  becomes  more  powerful  than 
the  catalytic  action  of  the  enzym  upon  the  hydrogen  peroxid,  and  the 
enzym  ver}-  soon  loses  its  activity.  A  solution  was  prepared  of  0.:^ 
per  cent  crude  y5  catalase  obtained  from  sweated  tobacco  in  the  manner 
above  described.  Thirty  cc.  of  this  solution  were  heated  to  deter- 
mined tempemtures,  and  after  addition  of  5  cc.  of  hydrogen  peroxid 
of  20^  C.  the  time  required  for  the  development  of  a  certain  volume 
of  oxygen  was  noted.  At  50^  and  60^  C.  the  action  was  energetic  for 
one  minute  only,  after  which  it  slowed  down  rapidly  and  stopped. 

Kffeci  of  heat  ttn  action  of  fi-catalase. 


Tempera- 
ture. 


Duration 
of  test. 


Volume 

of 
oxygen. 


KemarkH. 


°C 
•20.. 
40.. 
50.. 
60... 


Minntr>i. 

cr. 

5i 

40 

3i 

40 

4 

29 

23 

Action  stopped  after  4  minutes. 
Action  stopped  after  2  minut<». 


GENERAL  BEHAVIOR  OF  a-  AND  /^-CATALASE. 

Both  the  soluble  and  the  insoluble  catalase  resist  the  effects  of  time 
longer  than  the  ordinary  oxidases,  as  has  already  been  mentioned. 
The  writer  examined  leaves  of  various  species  of  Solmimn^  collected 
in  1841,  1848,  1853,  and  1868  (preserved  as  herbarium  specimens),  and 
observed  in  all  of  these  the  production  of  oxygen  upon  the  addition  of 
hydrogen  peroxid.  The  leaves  were  first  soaked  in  a  little  water  before 
the  hydrogen  peroxid  was  added.  The  leaves  collected  in  1841,  how- 
ever, showed  only  a  weak  action. 

In  an  aqueous  solution,  free  from  bacteria,  /5-catalase  loses  it«  power 
either  b}^  self-oxidation  or  by  changes  within  the  molecule  by  atomic 
migration,  but  this  change  is  also  sometimes  relatively  slow.  Once, 
however,  the  writer  observed  this  enzym  in  a  six-months-old  culture 
of  Bacillv^H  pyocyanett^^  in  which  growth  of  the  germ  had  apparentlr 
stopped  for  several  months. 

In  aqueous  solution  the  ^-catalase  is  chemically  changed  to  an  inac- 
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;ive  substance  on  heating  to  from  71^  to  75^  C.  The  degree  of  tem- 
)ei-ature  at  which  the  enzym  is  '"killed"  depends  upon  the  time  of 
exposure.  At  72^  C.  more  than  fifteen  minutes  are  required,  while  a 
niu*h  shorter  time  suffices  at  74^  C.  Heating  but  for  a  second  to  75^  is 
lot  sufficient  to  kill  all  the  enz3'm  in  a  neutral  solution,  but  it  will  injure 
I  great  part  of  it.  In  a  very  weak  alkaline  solution  the  killing  tem- 
perature is  raised  several  degrees,  hut  the  contrar}'  is  true  when  this 
ilkaline  reaction  is  increased  still  a  little  more.  In  slightly  acidulated 
K>lutions  the  killing  temperature  is  lower  than  in  neutral  ones. 

The  killing  temperature  of  or-catalase  is  about  the  same  as  that  of 
9-(*atalase.  Green  tobacco  leaves  were  crushed  and  the  juice  expressed 
:hrough  flannel.  This  turbid  liquid  of  acid  reaction  was  passed  through 
I  filter,  and  the  filter  content,  rich  in  ar-catalase,  suspended  in  water  and 
leatod  to  various  temperatures.  Heating  for  ten  minutes  to  60°  C.  did 
lot  decrease  the  intensity  of  the  catalytic  power,  but  heating  for  five  min- 
utes to  71^  C.  injured  it  considerably.  After  heating  for  five  minutes 
to  75 "  C.  and  cooling  quickly  a  faint  trace  of  that  power  was  still 
obsfM-N'od,  but  no  trace  was  noticeable  after  heating  for  one  minute  to 
80  .  The  filtered  liquid  in  the  latter  case  still  contained  considerable 
active  peroxidase,  another  proof  that  this  enzym  can  not  be  identified 
with  catalase. 

In  a  dr}'  condition  catalase  resists  heat  better  than  in  the  presence  of 
water.  For  example,  fermented  tobacco  leaves  when  heated  for  two 
hours  to  100'^  C.  had  not  completely'  lost  their  content  of  a-  and  y^-cata- 
la.se,  although  it  wiis  very  much  decreased.  A  prolonged  application 
of  heat,  however,  kills  these  enzyms  at  80^  C,  even  in  the  absence  of 
water,  as  may  be  inferred  from  the  inactivity  of  fire-  and  flue-cured 
tobacco  (cigarette  tobacco).  Various  samples  of  such  products  were 
tested,  and  in  most  cases  no  trace  of  either  a-  or  /^-catalase  could  be 
obsei*ved. 

EFFECT  OF    MECHANICAL    MOTION   ON    THE   REACTION   WITH    HYDROGEN 

PEROXID. 

It  is  remarkable  to  what  extent  the  action  of  the  soluble  catalase  is 
promoted  by  shaking  the  mixture.  One  out  of  many  of  the  observa- 
tions ma}'  be  mentioned  here.  A  cold-prepared  aqueous  extract  of 
sweated  tobacco  (20  cc.)  was  mixed  with  half  its  volume  of  hydrogen 
peroxid  and  the  flask  left  untouched.  In  the  control  case  the  flask  was 
continuously  shaken.  The  amount  of  oxygen  developed  in  thirty  min- 
utes, not  shaken,  was  24  cc. ;  shaken,  was  51  cc.  The  oxvgen  developed 
under  the  influence  of  mechanical  motion  was  therefore  more  than 
double  the  amount  obtained  when  the  flask  was  left  undisturbed.^ 


*  It  hardly  needs  to  be  mentioned  that  in  all  experiments  described  in  this  paper  the 
mixtures  with  hydrogen  peroxid  were  frequently  shaken  during  the  observ^ations  in 
order  to  obtain  the  full  reaction.  Heating  the  mixtures  was  never  resorted  to;  on  the 
contrar>',  any  rise  of  temperature  was  avoided. 
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BEHAVIOR  TOWARD  VARIOUS  SALTS. 

A  careful  distinction  should  be  made  here  between  the  relation  of  a 
salt  to  the  enzym  itself  and  the  influence  of  a  salt  upon  it**  activity 
alone.  This  activity  can  be  stimulated  or  retarded  without  the  enz\TB 
itself  being  changed  in  its  chemical  nature.  Salts  of  a  strong  acid  or 
alkaline  reaction  will  of  course  injure  the  enzym  itself,  while  salts  of 
neutral  reaction  will  probably  not  do  so.  Thus,  ^-catalase  is  not  injured 
in  one  day  by  a  10  per  cent  solution  of  magnesium  sulphate,  nor  in  five 
hours  by  a  5  per  cent  solution  of  sodium  sulphate,  nor  in  twenty  hours 
by  a  2  per  cent  solution  of  potassium  persulphate/  nor  in  one  day  l»y 
a  saturated  solution  of  ammonium  sulphate.  After  these  salts  are 
removed  by  careful  washing  the  ar-catalase  contained  in  sweated  toliaax) 
is  found  fully  provserved,  or  very  nearly  so.  It  is  very  probable  that 
y^-catalase  is  more  easily  injured,  but  nevertheless  it  can  even  be  salted 
out  by  satumtion  of  its  solution  with  ammonium  sulphate  without 
immediate  loss  of  power,  although  the  subsequent  drying  at  the  ordi- 
nary temperature  with  the  adhering  salt  leads  to  a  partial  loss  of  its 
activity. 

A  concentinted  extract  was  prepared  at  the  ordinary  temperature 
from  sweated  tobacco  (Connecticut  crop  of  1899)  rich  in  a-  and  /^-cata- 
lase,  and  containing  no  oxidase  and  only  a  trace  of  peroxidase.  Ten 
cc.  of  this  extract  w«©auicedwith  20  cc.  of  hydrogen  peroxid  (added 
in  two  doses),  and  in  "fiv^  minutes  160  cc.  of  oxygen  were  developed. 
By  saturation  with  ammonium  sulphate  a  brown-colored  precipitate  of 
great  catalytic  energy  was  obtained,  while  the  filtrate  showed  only 
a  trace  of  activity.  After  being  collected  on  a  filter  and  dried  for 
twenty -four  hours  at  the  ordinary  temperature  on  a  porous  plate,  the 
precipitate  weighed  2.85  grams,  more  than  half  of  which,  however, 
consisted  of  adhering  ammonium  sulphate.  Half  a  gram  of  this 
powder  dissolved  in  20  cc.  of  water  in  five  minutes  dcvelof)ed  223  oe. 
oxygen,  and  in  fifteen  minutes  449  cc* 

The  considerable  depression  of  the  catalytic  activity  of  /?-catak'^ 
by  nitrates  is  very  remarkable.  The  enzym  itself  does  not  seem  to  lie 
injured  materially,  as  several  tests  have  shown.  For  example,  averj 
small  quantity  of  a  y^-catalase  prepai*ation,  obtained  by  salting  out  a 
cold-prepared  concentrated  tobacco  extiuct  with  ammonium  sulphate, 
was  kept  in  a  10  per  cent  solution  of  potassium  nitrate  for  twenty- 

*It  might  be  supposed  that  this  salt  would  exert  an  oxidizing  action  detrimental  to 
the  enzym,  but  such  indifferent  behavior  of  the  salt  has  been  noticed  in  other  ca^es 
also;  for  example,  toward  certain  aniline  colors.  (Proscher,  Chem.-Zeitung,  Maivh, 
1900. )  Potassium  persulphate  easily  oxidizes  hydroquinone  to  quinone,  a-naphthyl- 
amine  to  the  blue  oxynaphthylamine,  and  behaves  in  ite  oxidizing  property  like 
ferric  chlorid. 

*  The  observation  of  Jacobson  that  the  "catalytic  power"  of  a  pancreas  extract, 
or  of  an  emulsion  of  almonds,  is  lost  hy  saturation  with  sodium  sulphate,  is  probabW 
due  to  his  drying  the  salted-out  product  at  a  higher  temperature. 
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four  hours,  again  salted  out  by  ammonium  sulphate,  and  washed  well 
by  a  concentrated  solution  of  this  salt.  Upon  redissolving  it  in  20  cc. 
water  and  adding  10  cc.  hydrogen  peroxid,  it  still  developed  92  cc. 
oxygen  in  fifteen  minutes,  while  in  the  control  case  98  cc.  were 
obtained;  hence  the  enzym  itself  is  not  injured  by  potassium  nitrate. 

The  depressing  influence  of  nitrates  is  seen  from  the  following  test: 
Two  portions  of  an  extract  of  sweated  tobacco  received  an  addition  of 
5  per  cent  potassium  nitrate  and  5  per  cent  magnesium  sulphate  (cryst.), 
resp<»ctively.  Inmiediately  afterwards  20  cc.  of  each  of  these  liquids 
were  mixed  with  10  cc.  hydrogen  peroxid.     The  result  was: 

Oxygeji  developed  in  Jive  minutes. 

cc. 

In  presence  of  potassium  nitrate^ 15 

In  presence  of  magnesium  sulphate 88 

Control 105 

Nitrates  have  no  such  depressing  influence  upon  the  corresponding 
action  of  finel}^  divided  platinum.  A  mixture  was  prepared  of  5  cc. 
hydrogen  peroxid,  20  cc.  water,  2  grams  potassium  nitrate,  and  a  trace 
of  i^latinum  black.  Here  28  cc.  oxygen  were  developed  in  fifteen 
minutes,  while  in  the  control  case  31.6  cc.  were  evolv'ed.  This  shows 
that  the  contact  of  the  nitrate  with  the  enzym  itself  can  be  the  only 
cause  of  the  retardation  just  mentioned. 

In  some  other  tests  the  time  necessary  to  develop  a  certain  volume 
of  oxygen  was  obseiTed.  One  gram  of  crude  y^-catalase,  prepared  by 
salting  out  a  concentrated  extract  of  sweated  tobacco  and  drying  at 
the  ordinary  temperature,  was  dissolved  in  500  cc.  water.  To  differ- 
ent portions,  each  containing  5  cc,  of  this  highly  diluted  solution,  20 
cc.  water  and  0.5  gram  of  various  salts  were  added.  After  a  further 
addition  of  5  cc.  of  nearl}'  neutral  hydrogen  peroxid  the  time  neces- 
sary for  the  production  of  40  cc.  of  oxygen  was  obser\  ed.  The  mixture 
was  frequenth'  shaken.  The  number  of  minutes  required  to  produce 
40  cc.  of  oxygen  in  the  presence  of  various  salts  was  as  follows: 

Minutes. 

With  sodium  chlorid 4f 

With  potasBioin  chlorid 4i 

With  dipotassium  phosphate 4i 

W^ith  potassium  nitrate SJ 

With  sodium  nitrate 6J 

With  ammonium  nitrate lOJ 

With  calcium  nitrate 33 

AVithout  addition  of  salts — control 4  J 

While  in  this  case  the  mixtures  had  a  weak  acid  reaction,  they  had 
in  the  following  experiment  a  weak  alkaline  reaction.  The  enzym, 
furthermore,  was  applied  in  double  the  concentration  used  before, 
and,  with  one  exception,  the  amount  of  salts  applied  was  increased  to 

*  The  depret«ion  of  the  catalytic  power  of  pancreas  and  almond  extract  by  potassium 
nitrate  wai^  also  ol«erved  by  Jacobson  in  1892. 
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2  grams.     Here  the  time  required  to  produce  48  cc.  of  oxygen  under 
otherwise  the  same  conditions  as  before  was  noted. 

The  number  of  minutes  required  to  produce  48  cc.  of  oxygen  b 
the  presence  of  various  salts  was  as  follows: 

With  flCKiiiim  chlorid 3 

With  potassium  chlorid 3f 

With  potaflHium  nitrate 4i 

With  sodium  sulphate 3 

With  pota88ium  sulphate 4 

With  sodium  carbonate  (0.5  gram) 2 

With  sodium  carbonate  (2  grams) 4J 

Without  addition  of  salts — control 3 

It  will  be  noticed  that  potassium  salts  retard  the  reaction  more  than 
sodium  salts,  and  that  the  nitrates  of  the  alkali  group  retard  more 
than  the  other  salts.  In  general,  the  increase  of  the  amount  of  any 
salt  has  a  retarding  influence,  other  things  being  equal,  and  it  v«s 
found  in  a  special  case  that  satui^ation  of  the  liquid  with  sodium  chlorid 
retarded  the  action  of  the  enzym  so  as  to  require  more  than  dolI^4e 
the  time  to  produce  the  given  amount  of  oxygen. 

Sodium  carbonate  (anhydr.)  attacks  y^-catalase  but  very  slowh'  even 
in  a  3  per  cent  solution.  Even  after  fifteen  hours  at  low  temperatuw 
the  enzym  is  only  partially  killed.  To  a  solution  of  which  20  cc.  pro- 
duced 17.8  cc.  of  oxygen  in  fifteen  minutes,  5  per  cent  of  its  bulk  of 
sodium  carbonate  (anhydr.)  was  added  in  the  form  of  a  concentrated 
solution.  After  standing  fifteen  hours  at  0^  C.  it  was  neutralized  with 
acetic  acid  and,  after  the  removal  of  the  carbon  dioxid  bv  a  current  of 
air,  5  cc.  hydrogen  peroxid  were  added.  There  were  still  produced 
7.2  cc.  oxygen  in  fifteen  minutes.  More  injury  is  caused  by  heating 
the  solution  for  one  minute  with  2  per  cent  of  sodium  carbonate  to 
40^  C,  only  5  cc.  ox3-gen  being  produced  afteVwards  in  fifteen  niiu- 
utes.  Scarcely  any  injury  is  observed  after  fifteen  hours'  contact  at 
15 "  C.  with  a  1  per  cent  solution  of  sodium  carbonate,  and  even  after 
standing  at  the  ordinar}'  temperature  for  three  days  there  is  still  con- 
siderable active  enzym  present  in  the  solution. 

No  injury  whatever  is  caused  in  twenty-four  hours  by  a  2  per  cent 
solution  of  sodium  fluorid  or  by  a  5  per  cent  solution  of  dipobissium 
oxalate.  Neither  a  5  per  cent  solution  of  potassium  sulpho-cvaniile 
nor  of  thio-urea  has  any  apparent  injurious  influence  upon  the  )tf-cata- 
lase.  The  presence  of  these  compounds  seriously  interferes,  however, 
with  the  reaction  of  the  enzym  upon  hydrogen  peroxid,  since  potassium 
sulphocyanide  is  rapidly  oxidized  by  hydrogen  peroxid  to  mom>- 
potassium  sulphate  and  prussic  acid,^  while  thio-urea  is  ti"ansfornn»d 
into  sulphuric  acid  and  (partly)  carbamide.*     These  mixtures  rapidly 

^K(\\S^-8ILA  =  KHS0,  :   HON -f  2H,0. 
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assume  a  very  acid  reaction.     In  the  latter  case  a  considerable  rise  of 
tempei-ature  is  noticed.* 

BEHAVIOR  TOWARD   MERCURIC   CHLORID. 

Two  grams  of  cured  tobacco  containing  a-  and  /^-catalase  were 
left  two  days  in  2  cc.  of  a  0.1  per  cent  solution  of  mercuric  chlorid. 
AVhile  the  filtrate  showed  no  reaction  whatever  on  hydrogen  peroxid, 
the  insoluble  part  still  showed  a  slight  reaction.  Suspended  in  30  cc. 
water,  it  yielded  on  addition  of  10  cc.  hydrogen  peroxid: 

Oxygen  in  thirty  minutes. 

cc. 

After  treatment  with  HgClj 6 

Control 158 

This  reveals  a  highly  injurious  influence  of  mercuric  chlorid  on  both 
kinds  of  catalase.  The  y^-catalase  of  one  gram  of  the  sample  yielded 
16.5  cc.  oxygen  in  thirty  minutes.  Hence,  even  on  the  assumption 
that  all  y^-catalase  had  been  merely  precipitated  by  the  mercuric 
chlorid  and  thus  withdrawn  from  the  solution,  and  further  assuming 
that  it  wavS  in  the  first  place  the  or-catalase  that  had  been  killed  by  that 
salt,  an  injury  due  to  y^-catalase  would  still  be  evident. 

Catalase  is  probably  also  injured  by  various  salts  of  other  heav}^ 
metals,  but  the  results  obtained  upon  addition  of  hydrogen  peroxid  to 
such  mixtures  would  be  misleading,  since  many  salts  of  these  metals 
themselves  bring  on  decomposition  of  hydrogen  peroxid. 

BEHAVIOR  TOWARD  ACIDS   AND   BASES. 

It  is  a  noticeable  fact  that  while  highly  dilute  acids  retard  the  action 
of  a-  and  y^-catalase,  dilute  alkaline  solutions  promote  it.  In  one  case 
it  was  shown  that  on  addition  of  1  per  cent  sodium  carbonate  to  a 
mixture  of  10  cc.  cold-prepared  tobacco  extract  with  10  cc.  hydrogen 
peroxid,  165  cc.  of  oxygen  were  developed  in  five  minutes,  while  it 
took  fourteen  minutes  to  develop  the  same  amount  of  oxygen  when 
sodium  carbonate  was  absent. 

When  the  amount  of  acids  in  the  solutions  reaches  more  than  0.5  per 
cent,  the  a-  and  /^-catalase  are  very  soon  killed.  The  following  obser- 
vations may  be  mentioned:  Two  grams  of  finely  powdered  sweated 
tobacco  were  shaken  with  40  cc.  of  a  2  per  cent  solution  of  oxalic 
acid  and  the  mixture  neutralized  after  thirty  minutes,  with  caustic 
soda.     The  catalytic  power  was  entirely  destroyed.     No  trace  of  oxy- 

'  Jacobeon' 8  inferences  aa  to  the  injurious  influence  of  potassium  sulpho-cyanide 
upon  the  '* catalytic  property  of  diastase,  emulsin,  etc.,"  must  be  corrected  accord- 
ingly, since  it  is  the  acid  reaction  of  mono-potast?ium  sulphate  formed  by  the  hydro- 
gen peroxid  which  interfere*  with  the  result,  and  not  the  sulpho-cyanide  as  such. 
Furthermore,  it  is  not  diabase  and  emulsin,  but  a  separate  euzym,  that  causes  the 
** catalysis  of  hydrogen  peroxid  "  aa  here  set  forth. 
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gen  was  developed  either  by  the  extract  or  b}'  the  residue.  In  a 
second  test,  solutions  of  0.2  per  cent  oxalic  and  sulphurous  a<;ids  were 
permitted  to  act  for  eighteen  hours  under  the  same  conditions  men- 
tioned above.  The  y^-catalase  was  almost  entirely  destix>yed  and  the 
or-catalase  was  also  considerably  injured. 

The  number  of  cubic  centimeters  of  oxygen  developed  by  ^-catala^e 
in  thirtv  minutes  was  as  follows: 

re. 

Control 1.58 

With  0.2  i)er  rent  oxalic  acid 33 

With  0.2  per  cent  i^ulphurous  acid : 28 

A  solution  of  0.1  per  cent  acetic  acid  at  the  ordinary  temperature 
did  not  injure  the  catalytic  power  in  one  hour,  but  injured  it  gradually 
at  a  temperature  of  55°  C. 

When  sweated  tobacco  was  suspended  in  fifty  times  its  weight  of  a 
2  per  cent  sulphuric  acid  solution  the  catalytic  power  was  destroyed  io 
fifteen  minutes.^  A  solution  of  y^-catalase  lost  its  activitv  in  fifteen 
minutes  after  the  addition  of  1  per  cent  sulphuric  acid,  ^-catala^se 
behaves  the  same,  as  was  shown  on  suspending  tobac^co  in  fifty  times 
its  weight  of  1  per  cent  sulphuric  acid. 

Saturated  barvta  water  kills  /5-catalase  in  two  davs,  but  onlv  slowlv 
injures  a-cattilase,  as  shown *^  in  an  experiment  with  2  grams  cured 
tobacco  suspended  in  twenty-five  times  its  weight  of  baryta  water. 
After  neutralization  with  acetic  acid  and  addition  of  5  cc.  hvdrojjen 
peroxid,  the  amount  of  oxygen  developed  in  15  minutes  was  tis  followj*: 


<r-catalai»e 'X\ 

/^-catalaHc (» 

Control  to  //-catala.«!e S9 

Sodium  hydrate  in  a  dilution  of  1  per  cent  kills  or-  and  /?-catala.<e 
almost  instantly,  while  a  dilution  of  0.1  per  cent  has  no  injurious 
influence,  at  least  not  within  a  short  time. 

BEHAVIOR  TOWARD  ALCOHOL. 

Absolute  alcohol  injures  neither  a-  nor  y^-catalase  at  the  ordinary 
temperature  in  twenty  hours.  One  gram  of  sweated  tolwicco  was 
mixed  with  10  cc.  absolute  alcohol.*     The  alcohol  was  filtered  off 

*It  may  here  })e  mentioned  that  in  all  such  cases  the  liquid  was  neutralize<i  with 
dilute  caustic  soda  before  the  hydrogen  peroxid  was  ad<ied.  An  excess  of  the  dilute 
acid  had  to  be  applied,  since  the  tobacco  often  contains  10  per  cent  and  over  of  s«Its 
of  organic  acids  (malic,  citric,  oxalic  acids). 

*0f  course  a  small  part,  of  the  dissolved  baryta  was  rendered  inactive  by  combina- 
tion with  the  acids  ])ound  to  the  ammonia  and  nicotine  contained  in  the  tol)accf\ 
but  this  fact,  (considering  the  large  amount  of  baryta  water,  does  not  essentially  alter 
the  above  inference. 

'While  absolute  alcohol  does  not  dissolve  a  trace  of  the  enzym.  alcohol  of  a  strength 
of  50  i^r  cent  <lissolves  a  considerable  amount. 
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after  twenty  hours  and  the  tobacco  powder,  after  being  freed  as  much 
oi;  possible  from  the  adhering  alcohol  by  pressure  between  filter  paper, 
wa.s  extmcted  with  20  cc.  water  for  three  hours  at  the  ordinary  tem- 
po i-siture.  The  filtrate,  as  well  as  the  undried  residue,  yielded  almost 
exactly  as  much  oxygen  in  fifteen  minutes  as  was  obtained  in  the  con- 
trol case,  showing  that  alcohol  does  not  act  injuriously  on  the  enzym, 
at  least  not  within  a  short  time. 

^V  concentrated  cold-prepared  extract  of  sweated  tobacco  was  mixed 
^eith  one-tenth  of  its  volume  of  alcohol  and  left  in  a  filled,  weli-stop- 
pertMl  flask  for  five  days  in  a  dark  box  at  a  temperature  of  from  15"  to 
18'  C.  There  was  no  indication  of  bacterial  growth.  Twenty  cc. 
of  this  liquid  gave  in  ten  minutes  37  cc.  oxygen,  while  in  the  control 
ca>!4^  oO  cc.  were  originally  obtained.  The  action  of  catalase  on  hydro- 
gen peroxid  is  not  influenced  by  the  presence  of  small  quantities  of 
alcohol,  but  larger  quantities — above  30  per  cent — exert  a  retarding 
influence,  especially  noticeable  when  the  amount  of  catalase  present  is 
but  small. 

Xhe  action  of  boiling  absolute  alcohol  is  of  some  interest.  One  gram 
of  sweated  tolmcco  was  kept  for  half  a  minute  in  boiling  absolute 
alcohol  and  then,  after  the  removal  of  most  of  the  alcohol  by  pressure 
l>etween  filter  paper,  extracted  with  cold  water.  Upon  addition  of 
lO  cc.  hydrogen  peroxid  to  the  filtrate,  as  well  as  to  the  residue  sus- 
pended in  20  cc.  water,  the  following  results  were  obtained: 

Cubic  o'ntiitiftrrn  fff  o.rf/(jni  (Urelnped  in  turnttf  mhnUei*. 
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The  remarkable  fact  that  boiling  absolute  alcohol  does  not  instantl}^ 
kill  the  enzym  is  probably  due  in  part  to  the  fact  that  all  enzyms  resist 
a  higher  temperature  in  the  absence  of  w^ater  than  when  dissolved 
in  water,  and  also  to  the  fact  that  alcohol  boils  at  a  comparatively  low 
temperature. 

BEHAVIOR  TOWAKD  CHLOROFORM. 

A  concentrated  aqueous  extract  of  sweated  tobacco  was  I'ef  t  with  some 
chloroform  for  five  days  in  a  dark  box.  Then,  after  the  evaporation 
of  the  chloroform  at  the  ordinary  temperature,  20  cc.  of  the  liquid 
were  mixed  with  6  cc.  of  hydrogen  peroxid.  In  ten  minutes  the  vol- 
ume of  oxygen  obtained  was: 

cc. 

Treated 4S 

(V)ntrol » 54 


'The  contH>l  test  was  made  with  an  equal  amount  of  the  same  extract  l>efore  the 
experiment  was  begun. 
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After  standing  twelve  days  another  portion  of  the  same  extract  l^d 
lost  considerably  more  of  its  catalytic  power,  only  14.5  cc.  of  oxygea 
being  developed  in  the  same  time. 

In  another  trial  sweated  tobacco  was  first  exhausted  with  water  to 
remove  all  y^-catalase  and  then  left  in  chloroform  water  at  the  ordinan 
temperature  for  four  weeks.  It  still  showed  a  moderate  reaction  up>n 
hydrogen  peroxid,  showing  that  some  a-catalase  was  still  pres*»nt 
No  >5-catalase  had  here  been  formed  from  the  insoluble  catalase. 

The  action  of  catalase  upon  hydrogen  peroxid  is  not  influenced  in  a 
marked  degree  by  the  presence  of  a  little  chloroform  or  ether.* 

BEHAVIOR   TOWARD   PHENOL. 

To  an  extract  of  sweated  tobacco  rich  in  y^-catalase  was  added  '►.:? 
per  cent  phenol,  but  after  twenty-four  hours'  contact  not  the  Iea>t 
decrease  of  catalytic  power  was  observed.  In  another  case  the  extnk't 
was  completely  saturated  with  phenol,  and  thus  contained  6.6  per  i-eat 
of  it,  but  here  every  tmce  of  catalytic  power  was  annihilated  after 
twenty  hours. 

The  presence  of  1  per  cent  phenol  retards  the  action  of  the  enznii. 
One-tenth  gram  of  crude  catalase  was  dissolved  in  80  cc.  water,  and 
10  cc.  of  this  solution  yielded,  on  addition  of  5  cc.  hydrogen  peroxii 
25  cc.  oxygen  in  fourteen  and  one-half  minutes  when  1  per  cent  phenol 
was  present,  while  in  the  absence  of  the  latter  it  took  onlv  eleven  and 
on(*-half  minutes  to  develop  the  same  volume. 

BEHAVIOR   TOWARD   VARIOUS   OTHER    REAGENTS. 

The  in<iuiry  as  to  the  nature  of  the  activity  of  enzyms  led  the  writer 
years  ago  to  the  assumption  that  in  their  molecules  there  are  ceilain 
unstable  atomic  groupings  (labil  atomic  groups).  Such  groups  are 
on  the  one  hand  able  to  transform  heat  energy  into  chemical  energy, 
and  on  the  other  hand  are  readily  changed  by  atomic  migration  under 
the  influence  of  an  increased  temperature  or  powerful  compound:?, 
such  as  acids,  etc.  The  writer  has  expressed  the  view  that  the  insta- 
bility as  well  as  the  activity  of  enzyms  might  be  due  to  the  simulta- 
neous presence  of  amido  and  aldehyde  groups.  In  regard  to  the  hibil 
amido  groups,  their  presence  was  rendered  probable  by  the  destruc- 
tive action  which  formaldehyde  exerts  upon  the  power  of  the  enzyms. 
As  to  the  presence  of  aldehyde,  or  also  of  ketone  groups,  no  convinc- 
ing reactions  could  be  obtained,  but  it  remains  still  to  be  seen  whether 
there  are  not  aldehyde  groups  present  in  a  less  reactive  polymerized 
form.  The  following  tests  with  catalase  were  made,  to  characterize 
the  labil  groups: 

^According  to  Jaor)by, chloroform  acts  ae  a  stimulant  on  the  activity  of  certain 
oxidizing  enzyms  (Virchow's  Archiv.  vol.  157),  and  according  to  Vogel  (1897) 
very  Hmall  doses  of  varioue  ethers  stimulate  the  cellular  respiration. 
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ACTION   OP  FORMALDEHYDE. 

Fifty  cc.  of  a  weak  alkaline  solution  of  ar-catalase  were  mixed  with 
10  oc.  commercial  fommlin*  previously  neutralized.  Of  this  mixture 
■20  cc.  were  immediately  mixed  with  5  cc.  hydrogen  peroxid,  the  amount 
of  oxygen  developed  in  ten  minutes  being  tus  follows: 

cc. 

After  action  of  formaldehyde 3 

Control- 52 

A  diluted  solution  of  y^-catalase  was  mixed  with  10  per  cent  of  neu- 
tralized formalin*,  causing  the  formation  of  some  precipitate.  After 
twenty  minutes  30  cc.  were  mixed  with  5  cc.  hydrogen  peroxid  and 
still  1  cc.  ox\'gen  was  obtained,  but  after  standing  one  hour  no  trace 
was  produced.  In  the  control  case  44  cc.  were  developed  in  ten 
minutes. 

ACTION   OP   NITROUS   ACID. 

Neither  a-nor  y^-catalase  is  injured  b}''  a  5  per  cent  solution  of  sodium 
nitrite  at  the  ordinary  temperature  within  one  day,  provided  the  solu- 
tion is  neutral  or  weaklv  alkaline,  but  as  soon  as  the  mixture  is  acidu- 
latcd  the  enzym  Is  injured  by  the  nitrous  acid  liberated. 

A  special  test  showed  that  0.4  p^  cent  free  nitrous  acid  injured  the 
enzym  considerably  in  one  day.  One-tenth  gram  of  crude  catalase 
was  dissolved  in  lOi)  cc.  water.  Chloroform  was  then  added  and  the 
solution  shaken  and  divided  into  three  equal  parts.  One  part  received 
no  addition.  The  second  part  received  an  addition  of  0.2  gram  of 
acetic  acid,  and  the  third  part  0.2  gram  of  acetic  acid  and  0.22  gram  of 
sodium  nitrite.  After  standing  one  day  these  solutions  were  made 
slightly''  alkaline  before  5  cc.  of  hydrogen  peroxid  were  added.  The 
volumes  of  oxygen  developed  in  1^  minutes  were: 

cc. 

Control 40 

After  treatment  with  acetic  acid 8. 4 

After  treatment  with  nitrous  acid 2. 5 

The  loss  of  activity  under  the  influence  of  formaldehyde  or  of  nitrous 
acid  renders  the  supposition  very  probable  that  labil  amido  groups  are 
concerned  in  the  activity  of  the  enzym,  since  labil  amido  groups  are 
very  readily  acted  upon,  even  in  neutral  and  highly  dilute  solutions, 
by  those  compounds."  Here  we  have  before  us  a  specific  action,  while 
the  loss  of  activity  under  the  influence  of  hydrochloric,  sulphuric,  or 


*The  preparation  contained  about  40  per  cent  pure  formaldehyde  and  had  only  a 
slightly  acid  reaction.  It  may  be  mentioned  that  this  aldehyde  in  dilute  and  neu- 
tral solution  is  acted  upon  but  slowly  by  hydrogen  peroxid;  hence  this  influence 
can  be  neglected  here. 

'The  detrimental  action  of  mercuric  chlorid  above  mentioned  might  most  easily 
be  explained  by  the  reaction  of  this  salt  upon  labil  amido  groupn  in  which  hydmgen 
can  easily  be  replaced  by  mercury.  By  such  a  chemicjil  change  of  an  active  atomic 
groap  the  activity  of  the  enzym  itself  is  inhibited  or  destroyed. 
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oxalic  acids  indicates  merely  the  loss  of  lability  by  atomic  niigratkm 
without  giving  a  decided  answer  as  to  the  nature  of  the  lahil  atomie 
groups  themselves. 

The  next  question  to  be  considered  is:  By  what  other  groups  in  the 
molecule  is  the  lability  of  those  amido  groups  induced  ?  The  following 
tests  do  not  give  a  satisfactory  answer  to  this  question,  but  seem  to 
indicate  that  neither  ordinary  aldehyde  nor  ketone  groups  are  the 
cause.  The  supposition  as  to  the  presence  of  polymerized  aldehyde 
groups,  however,  still  remains  to  be  considered,  especially  the  detri- 
mental action  of  free  hydroxylamine,  which  might  be  explained  by  a 
dismemberment  of  a  polymeric  aldehyde  group  and  subsequent  reac- 
tion with  the  hvdroxvlamine. 

ACTION   OF   PRCaSIC   ACII). 

One  gram  of  tobacco  containing  a-  and  y^-catalase  was  mixed  with 
^0  cc.  of  dilute  (2  per  cent)  prussic  acid  and  the  liquid  was  filtered 
after  two  hours.  Ten  cc.  hydrogen  peroxid  were  added  to  the  fil- 
trate, but  no  trace  of  oxygen  was  obtained.  In  the  control  c-ase,  how- 
ever, 20.2  cc.  of  oxvgen  were  developed  in  fifteen  minutes.  The 
residue  in  the  filter  was  also  tested  after  washing,  but  here  the  full 
original  power — 60  cc.  of  oxygen  in  fifteen  minutes — was  observed. 
In  a  second  experiment  the  same  dilute  prussic  arid  was  allowed  to  act 
on  the  tobacco  for  twenty  hours,  and  the  filtrate  was  then  tested  for  the 
catalytic  power  after  the  prussic  acid  had  evaporiited  at  the  ordinary 
temperature,  but  no  trace  of  oxygen  was  now  dev(*loped  after  addition 
of  hydrogen  peroxid.  The  or-catalase  in  the  residue  had  in  this  case 
also  presented  the  full  catalytic  power.  It  would  seem,  therefore, 
that  while  y^-catalase  is  easily  killed  by  prussic  acid  or-catalase  shows 
considemble  resistance,  at  least  as  long  as  it  is  present  in  the  undis- 
solved state.  In  weak  alkaline  solution  the  result  differs,  inasmuch  as 
<'onsiderable  injury  is  caused  to  ar-catalai;e  by  prussic  acid. 

A  regeneration  of  the  activity  after  evaporation  of  the  prussic  acid 
is  only  observed  with  /?  cattxlase  when  the  amount  of  prussic  acid  per- 
mitted to  act  upon  it  has  been  very  small. 

BEHAVIOR   OF    (T-CATALAHK   TOWARD    HYDROGEN   SrLPHlD. 

Two  grams  of  finely  pulverized  sweated  tobacco  were  suspended  in 
500  cc.  of  water  and  hydrogen  sulphid  passed  through  until  com- 
plete saturation  was  obtained.  The  liquid  was  allowed  to  stand  for 
twentv-four  hours.  The  tobacco  was  then  collected  on  a  filter  and 
after  being  washed  well  was  suspended  in  30  cc.  of  water,  and  10  cc, 
of  hydrogen  peroxid  added.  In  thirty  minutes  the  volume  of  oxygen 
developed  was  170  cc,  while  in  the  control  case,  after  extracting  the 
tobacco  (2  grams)  well  with  cold  water,  it  was  609  cc.     This  shows 
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that  although  hydrogen  sulphid  injures  the  a-catalase  at  the  ordinary 
benaperature,  this  injury  proceeds  but  slowly. 

Schcenbein  reports^  that  plant  juices  instantly  lose  their  catalytic 
power  upon  coming  in  contact  with  hydrogen  sulphid,  but  the  above 
test  shows  that  this  power  is  not  so  easily  destroyed,  after  all. 

A  second  test  yielded  essentially  the  same  result.  In  both  cases  a 
considerable  amount  of  sulphur  was  set  free,  leading  to  the  inferenct* 
that  eatalase  probably  promotes  the  oxidation  of  H,S  by  the  oxygen 
of  the  air. 

BEHAVIOR  TOWARD   HYDROXYLAMINK. 

One  gram  of  hydrochlorid  of  h^'^droxylamine*  dissolved  in  a  little 
water  was  neuti'alized  with  sodium  carbonate,  and  the  solution  diluted 
tp  20  cc.  After  the  addition  of  1  gram  of  sweated  tobacco  the  mix- 
ture was  allowed  to  stand  for  eighteen  hours.  The  filtiute  was  now 
found  to  have  completely  lost  every  trace  of  catalytic  power.  This^ 
was  not  the  case,  however,  with  the  insoluble  portion,  which,  after 
washing  and  suspending  in  20  cc.  of  water  with  the  addition  of  10 
cc.  hydrogen  peroxid,  developed  29  cc.  oxygen  in  fifteen  minuter, 
la  the  same  length  of  time  62  cc.  were  obtained  in  the  control  case. 

BEHAVIOR  TOWARD   PHENYLHYDRAZINE. 

A  concentrated  cold-prepared  extract  of  sweated  tobacco'  was  salted 
out  with  ammonium  sulphate,  the  precipitate  pressed  between  filter 
paper,  dissolved  in  a  little  water,  and  some  phenylhydrazine  acetate 
added-  After  twenty-four  hours  a  small  amount  of  precipitate  was 
formed,  which  yielded  some  oxygen  gas  with  hydrogen  peroxid,  while 
the  filtrate  gave  only  traces.  It  therefore  seems  that  y^-catalase  forms 
a  still  somewhat  active  compound  with  phenylhydrazine.  This,  how- 
ever, requires  further  study. 

In  testing  a-catalase,  a  weak  alkaline  solution  was  mixed  with  some 
phenylh^-drazine  acetate.  After  twenty-four  hours  a  precipitate  Wiis 
formed,  but  the  amount  was  insignificant.  The  clear  filtrate,  upon 
the  addition  of  5  cc.  hydrogen  peroxid,  in  ten  minutes  yielded  11  cc. 
oxygen,  while  in  the  control  case  52  cc.  of  ox^^gen  were  obtained. 
One  would  naturally  suppose  that  if  ketone  or  ordinary  aldehyde 
groups  were  present  the  enzymic  activity  would  be  totally  destroyed 
in  a  short  time.* 

'  Journ.  prakt.  Chem.,  1863,  p.  340. 

"This  salt  has  a  strong  acid  reaction,  hence  experiments  made  directly  witli  it 
M6  not  conclnsive.  The  acid  reaction  has  to  be  removed,  since  it  alone  would  suffice 
to  injure  or  kill  the  enzym.  * 

'Prepared  with  the  addition  of  10  per  cent  alcohol  to  prevent  bacterial  development. 

*Emulsin  also  preserves  its  powers  after  it  has  been  in  contact  with  phenylhydra- 
rine  acetate  for  twenty-four  hours.  It  can  be  precipitated  with  alcohol  and  still 
^hibit  its  action  on  amygdalin. 
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BEHAVIOR  TOWARD   ALKALINE   8ILVER   SOLtn^ION. 

A  very  subtile  reagfent  for  aldehyde  groups  is  prepared  by  adding  ' 
a  few  drops  of  dilute  caustic  soda  to  an  ammoniacal  silver  solutioc 
which  contains  only  a  small  excess  of  ammonia.  Such  a  solution*  con- 
taining 2  per  cent  silver  oxid,  was  added  to  20  cc.  of  the  <y-cratalaj« 
solution  above  mentioned.  After  standing  twentv-four  hours  a  verv 
small  amount  of  dark  sediment  was  formed,  but  the  solution  still  had 
its  original  degree  of  catalytic  power.  A  considerable  separation  of 
metallic  silver  and  a  destruction  of  the  catalytic  power  would  naturally 
have  been  expected  were  ordinary  aldehyde  groups  concerned  in  the 
activity. 

In  a  second  test  freshly  precipitated  silver  oxid  was  suspended  in  44) 
cc.  of  a  solution  of  crude  y^-catalase  (obtained  by  salting  out   tobacco 
oxtract  with  sodium  sulphate)  and  the  mixture  tested  after  standing-  at 
the  ordinary  temperature  for  two  days.     To  this  and  the  control  solu- 
tion were  added  several  drops  of  ether.     In  testing  both  solution^  at 
the  same  time,  it  was  found  that  while  20  cc.  of  the  control  solution,, 
after  the  addition  of  10  cc.  hydrogen  peroxid,  developed  53  cc.  of 
oxygen  in  two  minutes,  the  filti*ate  from  the  silver  oxid  took   three 
minutes  to  do  the  same;  hence  the  injury  caused  by  silver  oxid  waa? 
only  moderate. 

GENERAL  OCGUBBENCE  OF  a-AND  /^-CATAXASE. 

Numerous  tests  have  established  beyond  a  doubt  that  catalase  is  of 
general  occurrence  in  the  vegetable  kingdom.  No  living  plant  or 
vegetable  organ  tested  was  found  free  from  it,  some  of  the  plants 
containing  more  of  the  soluble  and  others  more  of  the  insoluble  form. 
Leaves  from  various  plant  families  showed  principally  the  insoluble 
catalase,  in  some  cases  only  slight  traces  of  the  soluble  kind  being 
noticeable,  while  in  various  seeds  the  soluble  kind  was  found  present 
in  larger  proportions. 

Healthy  green  tobacco  leaves,  taken  from  the  greenhouse  on  Decem- 
ber 22,  were  dried  at  40^  C.  After  being  ground  to  a  fine  powder  2 
grams  were  extracted  with  40  grams  of  water  for  three  hours  at  the 
ordinary  temperature.  The  filtrate  gave  reactions  for  oxidase  and 
peroxidase,  but  showed  no  catalytic  power  on  hydrogen  peroxid,  and 
therefore  contained  no  y^-catalase.*  The  well-washed  residue,  sus- 
pended in  20  cc.  water,  developed,  after  the  addition  of  12  cc.  hA'dro- 

*  Traces  of  ^-catalase  may  be  observed,  however,  when  the  green  tobacco  leaves 
have  not  been  dried,  but  are  ground  and  expressed  in  the  fresh  state,  the  clear  fil- 
trate being  directly  tested.  It  must  be  borne  in  mind,  however,  that  the  frequent 
presence  of  nitrates  in  the  leaves  may  decrease  the  action  on  hydrogen  peroxid  to  a 
considerable  extent,  which  might  lead  sometimes  to  the  inference  of  the  presence  of 
only  very  small  quantities  of  /^-catalase. 
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en  j>eroxid,  IOT.2  ce.  oxygen  in  fifteen  minutes,  and  was  relatively 
icH  in  ^3r-catalase.  The  stalk  of  the  tobacco  plant  is  about  as  rich  in 
his  enzym  as  the  leaves,  but  the  fine  roots  contain  less.  Only  one 
iomparative  test  was  made  on  this  point,  however.  In  the  flowei*s 
[air  dry)  of  the  tobacco  plant  hardly  any  /?-catalase  is  found,  but  eon- 
>\dera.l>le  a-catalase. 

Besides  Phanerogams  from  different  families,  ferns,  mosses,  liver- 
worts, and  higher  and  lower  algsB,  as  well  as  fungi,  were  also  tested 
with  positive  results.  It  may  be  mentioned  that  vegetable  cells  die 
qwickly  in  a  0.5  per  cent  solution  of  hydrogen  peroxid,  while  their 
eatalase  is  much  more  slowly  injured. 

Suitable  data  which  would  allow  the  investigator  to  calculate  the 

aVjsolute  weight  of  C4italase  from  a  certain  volume  of  oxygen  developed 

in  a  given  time  and  at  neutral  reaction  ai^  thus  far  not  known;  hence 

the  volumes  of  oxygen  given  off  by  different  objects  can  have  only  a 

relative  value,  serving  for  purposes  of  comparison.     This  is  also  the 

rea^^on  why  these  volumes  were  not  reduced  to  normal  pressure  and 

0"^  C.^     The  following  tests  with  leaves,  fruits,  and  seeds  were  carried 

on  at  the  request  of  the  writer  by  Mr.  D.  W.  May.     Eight  grams  of 

the  leaves  in  the  fresh  state  were  crushed  to  a  pulp,  with  the  aid  of  a 

little  sand  and  water,  before  the  hydrogen  peroxid  was  added,  while 

two  grams  of  the  seeds  in  the  air-dried  state  were  finely  pulverized, 

shaken  up  with  50  cc.  of  water,  and  the  mixture  left  in  the  ice  box 

overnight  for  extmction.     The  filtrates    were  gradually  mixed  with 

5,  10,  or  even  more  cubic  centimetera  of  hydrogen  peroxid,  as  the 

degree  of  activity  in  special  cases  demanded,  while  the  washed  residue 

was  suspended  in  from  50  to  60  cc.  water  before  the  hydrogen  peroxid 

was  added. 

Cubic  centimeters  of  ox^ygen  deit'loj>ed  hy  different  leaves. 


Magnolia  (Magnolia sp.) 
HoWy  (IlexBp.) 


(Hex  Bp. 
Clover*  (Trifolium  repens) 
Cotton  (Goasypium  herbaceum) , 

Rose*  (Rosasp.) 

Spruce  (Picea  sp. ) , 


5  minutw. 


10  min- 
utes. 


47 

50 
98 
49 
52 
56 


92 
95 
129 
102 
106 
107 


15  min- 
utes. 


129 
129 
176 
157 
156 
148 


20  min- 
utes. 

25  min- 
utes. 

163 

218 
209 

202 
1 

252 

*  It  may  be  mentioned,  however,  that  the  temperature  of  the  laboratory  ranged  generally  from  16® 
to  22°  C.  and  1  le  barometric  pressure  from  746  to  771  mm. 

*  Clear  filtrates  of  the  diluted  juices  of  the  leaves  of  ro«*e  and  clover  were  also  prepared  and  tested 
but  ^-eatalase  was  absent 
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Cubic  centimeters  of  oxygen  developed  hy  raritms  «eed^. 


Graminea: 
Swwt  com  (Zea  HaceharaUi ) iResidue 

Filtrate.! 

Retddtie  . 
(Filtrate.. 

Reftidae  . 

Filtmte.. 

Residue  . , 
/Filtrate.. 
1  Residue  . , 
/Filtrate.. 
\Residne  . 


Barley  (Hordeum  sativum) 

Rye  (Secale  cereale) 

Wheat  (Tritlcum  stitivum) 

Wht»at  (Calif. )  (Triticum  sativum) 

Millet  (Chaetoehloa  italica ) 

Cruciferjj: 
Black  mui«tanl  (Brassica  iiiKra) 

White  mustard  (Brassica  Hltw) 

Turnip  (BrasKica  rapa)  

Radish  (Raphanua  sativuN^ {Rjild\\e 

R»»I)o  (Braasica napus) iRjai^diie' 


Filtrate.., 
Residue  .. 
Filtrate... 
Residue  .. 
Filtrate... 
Residue  .. 


Lfxsi'minos^: 
Peas  ( Pisum  sativum) 

Beans  (Phaseolus  vulgaris). 

Lentils  (Lens  esculenta) . . . 


/Filtrate... 
IResidue  .. 

j  Filtrate... 
IResidue  . . 

/Filtrate... 
1  Residue  . . 

Lupins  (Lupinus  luteu**) {Residue  !! 

Clover  (Trifolium  repens) {™i™ue'".! 

Alfalfa  (Medicagosativa) {rJ^I^uc"!." 

Various  fatty  8eei>8: 

Cotton  (Gossypium  herbaceum) (Reridue' "  * 

Flaxseed  (Linum  usitatissimum) {Residue  "' 

Sunflower  (Hellanth'is  annuus) {Residue* ! '. 

Poppy  (Papaversp.) ^^^aIx^V. 

MiSCELLANEOrS  SEEDS: 

Tobacco  ( NMcotiana  tabacum ) {r^^uc  ! ! 

Beet  (Beta  vulgaris) teiXe;: 

Squash  (Cucurbitasp.) {R^jddie".'! 

Pumpkin  (Cucurbita  pcpo) {Resld\a»' ! ! 

Peach  (Prunuspersica) JResiduc':: 

Almonds  ^Prunus  amygdalus) "{R^i™ue 

Chestnut  (CAStanea  americana) iResidue" * ' 

English  walnut  (Juglans  rogia) {R^si'die* \ '. 

Pecan  (Hicoria  pecan) (Residue!: 

Filbert  (Corylussp.) fedie!! 

Butternut  (Juglans  cinerea) {Residue' ! ! 

Peanut  (Arachiahypogoa) {Resid^ie*!! 

(Filtrate.!! 


Peanut  hull. 


IResidue 


99.0 
38.0 

9.0 
20.0 

8.0 
12.5 

4.4 

6.5 


9.0 
13.1 
24.0 
18.0 

3.0 
9.5 
3.2 
4.8 
1.0 

98.0 
2.0 

62.0 
1.0 

66.0 

16.0 

3.6 

62.0 

20.0 

8.2 

18.0 

44.0 

61.0 

107.0 

100.0 

48.0 

67.0 

112.0 
75.0 
59.0 
66.0 
84.0 

109.0 
?2.0 
92.0 

50.0 
32.0 
25.0 
24.0 
79.0 
33.0 
96.0 
64.0 
50.0 
178.0 
22.0 

5.5 
63.0 
68.0 
50.0 
85.0 
29.0 
88.0 
48.0 
44.0 
15.0 

7.0 

117.0 

72.0 

3.0 

6.0 


Minntca. 

10.  I  15.  I  f.n 


1.7 

121.0 

2.4 

79.0 

1.0 

90.0 

19.0 

4.0 

82.0 

28.0 

10.2 

24.0 

60.0 

79.0 

170.0 

162.0 

58.0 

108.0 

112.5 
101.0 
88.0 
90.0 
104.0 
159.0 
132.0 
150.0 

70.0 
45.0 
30.0 
31.0 
91.0 
44.0 

142.0 
88.0 

108.0 

214.0 
36.0 
7.5 
99.0 
89.0 
85.0 
92.0 
47.0 

103.0 
78.0 
66.0 
29.0 
ILO 

123.0 

97.0 

5.0 

10.0 


I 

irio.o 

iJ 

52.0 

59-0  '.. 

.1 

14.0 

17.0    .. 

4 

32.0 

42.0    .- 

11.4 

14.0    .. 

•-"* 

17.0 

30.0    .. 

...  4 

7.0 

9.6    .. 

...^ 

9.2 

11.0    .. 

.-.-« 

14.0 

18.0    .. 

...w 

20.1 

24.0    .. 

.  * . «« 

39.0 

62.0 

7% 

25.0 

31.0 

36. 

3.0 

12.7 

14.0    .. 

3.5 

8.0 

ILO    

125.0 

2.6 

87.0 


>     108.0 


2L0 

4.2 

95.0 

35.0 

11.2 

26.0 

70.0 

89.0 

214.0 

221.0 

63.0 

130.0 


103.0 
96.0 
95.0 
121.0 
1?2.0 
194.0 
203.0 

81.0 
54.0 
32.0 
33.0 

96.0 
49.0 

167.0 
96.0 

132.0 

226.0 

48.0 

9.5 

116.0 
96.0 
89,0 
95.0 
62.0 

103.0 
85.0 
80.0 
38.0 
14.0 

124.0 

110.0 

8.0 

12.0 


t 


(. 


I 


117.0 

,  -      -  •  - 

100.0 


92.0 
W.O 


1  This  filtrate  was  not  perfectly  dear. 
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OiWc  centimeters  of  oxygen  developed  by  various  fruitSj  etc 


Dntn^e  (Citrus  aarantiuin  sinensis) {Residue* ! '. 

rh..n«»»  TT  ■  /Filtrate... 

^^^^^^^e" JResidue.. 

Onm«epeel jSie:: 

JJemoni  (Citrus medlealimon) {™i^ne"!! 

I^mo,.peel Ir^IS^^:. 

BaiLaim  (Musasapientum) mSdue'!! 

Banana  peel {&«:; 

Apple,  sour  (Pynismalus) |Rj.^dSl:: 

Xpple.  Bnbacld {R^fdu^"!! 

Apple  peel {f^^l^,': 

Apple  peel,  subacid {RjildSl:; 

Apple  »eed« l^^l^^- 

Pear  (Pyrus  communis) {Regidie:: 

o__  _  ^„^i  /Filtrate . . 

Pear  peel 1  Residue  ., 

l>ate(PhcenIxdactyli£era)  {ReidS^;; 

Strawberries,  sour  (Fragaria  chiloensds) iReSdue" '. 

Strawberriea,  neutralised {Rewi'due*! 

Onion,  bulb  (Allium  cepa) {rSc: 

Onion  leaves feie': 

Potato  flesh  ( Solanum  tuberosum) {R«!i™ue 

^*-veeX {™X-: 


1  The  lemon  Juice  neutralized  by  carbonate  of  soda  yielded  5  cc.  oxygen  in  five  minutes. 
•The  filtrate  from  apple  seed  developed  552  cc.  oxygen  in  forty-five  minutes,  the  residue  379  cc.  m 
thirty  minutes. 

We  learn  from  these  determinations  that  the  flesh  of  the  fruits 
when  of  an  acid  character  is  poor  in  catalase  and  that  at  the  same  time 
the  seeds  may  be  very  rich  in  it.  Compare,  for  instance,  the  above 
data  for  apple  seed  and  apple  flesh.  It  is  true  that  a  better  result  is 
obtained  after  neutralization  of  the  acid,  but  even  in  this  case  the  cata- 
lytic power  appears  small.  Compare,  also,  the  data  for  strawberry  and 
lemon.  Evidently  .the  accumulation  of  acid  kills  the  enzym.  We 
notice  further  a  relatively  large  amount  in  the  fatty  seeds,  but  in 
starchy  seeds  only  the  sweet  corn  and  chestnut  are  noticeably  rich  in 
catalase.  Relatively  a  very  large  content  of  y^-catalase  is  observed 
with  seeds  of  poppy  and  clover.  Turnip,  radish,  and  rape  seed,  while 
rich  in  ^-(^atalase,  are  exceedingly  poor  in  y^-catalase.  During  ger- 
mination the  total  catalase  is  very  much  increased,  a^  observed  with 
barley  shoots  about  5  cm.  long.  Twenty  grains  yielded  in  twenty 
minutes  30  cc.  of  oxygen,  while  twenty  shoots  from  the  same  lot 
yielded  fully  130  cc. 

16263 3 


Mini 
10. 

tites. 

5. 

15. 

ao. 

1.6 

1.8 
2.5 
4.0 
3.2 
2.0 
7.0 

2.5 

2.0 

8.0 

1.8 

4.0 

9.0 

1.0 

1.5 

.6 

.8 

1.0 

1.2 

4.5 

3.0 

10.0 

3.2 

i 

3.0 

1 

6.6 

13.0 

14.0 

5.0 

7.5 

10.6 

40.0 

72.0 

87.0 

96.6 

4.0 

4.2 
3.0 
1.6 
3.2 

3.0 

1.0 

2.2 

3.6 

3.0 

3.0 

3.0 

6.0 

3.8 

2.8 

4.3 

16.0 

26.0 

34.0 

119.0 

180.0 

227.0 

110.0 

163.0 

223.0 

5.5 

7.2 

9.4 

20.0 

30.0 

86.0 

22.0 

33.0 

42.0 

46.6 

62.0 

91.0 

101.0 

104.0 

4.0 

7.0 

8.0 

10.6 

17.5 

23.0 

.5 

1.0 
1.0 
7.5 
3.5 
5.0 

.5 

6.0 

2.0 

3.0 

6.5 

21.0 

37.0 

62.0 

76.0 

97.0 

110.0 

91.0 

140.0 

189.0 

.    56.0 

82.0 

92.0 

98.6 

52.0 

71.0 

80.0 

K.').  0 

60.0 

82.0 

93.0 

9S.0 

75.0 

94.0 

101.0 

102.0 
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In  fungi  the  amount  of  catalase  is  relatively  very  large.  Spore*  of 
PenlclUium  glaueum  were  sown  in  one  liter  of  a  sterilized  aqueous  solu- 
tion of  the  following: 

Percent 

Peptone 0. 1 

Glucose 5 

Malic  acid .2 

I)ip<)tais**inm  phosphate 1 

Magnesium  sul])hate 01 

After  four  weeks  a  large  nia^s  of  mycelium  with  spores  was  devel- 
oped, which  was  filtered  oflf.  In  the  clear  yellowish  filtrate,  which  now 
showed  a  neutral  reacttion,  a  considerable  reaction  for  /^-catalase  was 
obtained,  but  none  for  either  oxidase  or  peroxidase.^  Of  this  filtrate 
three  portions  of  50  cc.  each  were  taken.  The  first  was  mixed  directly 
with  10  cc.  of  hydrogen  peroxid;  the  second  portion  only  after  heat- 
ing for  two  minutes  at  75^  C.  and  quickly  cooling;  the  third  portion 
after  heating  to  87^  for  one  minute  and  allowing  to  cool  slowly. 
The  volume  of  oxygen  developed  in  fifteen  minutes  from  the  firit 
portion  was  78  cc,  from  the  second  portion  only  14.8  cc,  while  frwii 
the  third  portion  no  oxygen  at  all  was  developed.  The  washed  myce- 
lium, together  with  the  spores,  was  now  left  for  one  hour  in  SO  per 
cent  alcohol  in  order  to  kill  the  mycelium,  which  was  then  pre«^ 
gently  between  filter  paper,  dried  at  40^  C,  and  finely  pulverized. 
Of  this  product  0.5  gram  was  again  washed  well  with  water,  in  order 
to  remove  all  y^-catalase,  and  then  suspended  in  20  cc  water.  Hydro- 
gen peroxid  in  portions  of  10  cc  was  now  gradually  added.  The 
sudden  start  and  sudden  stop  of  the  development  of  oxx'gen  gas  was 
very  striking  and  evidently  indicated  the  presence  of  a  great  deal  or 
of  a  very  energetic  kind  of  catalase.  When  the  process  had  slowed 
down  considerably  further  addition  wai5  stopped.  In  the  short  time  of 
forty-one  minutes  fully  SOO  cc.  of  ox^^gen  were  developed*  from  \^> 
cc.  of  hydrogen  ])eroxid  added.  It  was  probably  the  a-catalase  of 
the  mycelium  only  and  not  that  of  the  spores  of  the  fungus  that 
caused  this  considera])le  development,  since  the  membranes  of  the  bit- 
ter are  impregnated  ])y  a  fatty  substance  that  admits  aqueous  solutions 
to  the  interior  with  considerable  diflicultv.' 

Another  fungus  tested  was  PhiirotifM  ."(opidus:^  which  proved  ven* 
rich  in  /^-catahise  but  less  rich  in  nr-catalase.  Conidia  of  a  Uredo  also 
showed  a  very  powerful  action. 

A  test  for  catalase  in  bakers'  veast  vielded  the  followinff  result:  A 
portion  was  divided  into  three  equal  parts,  one  part  being  dried  at 

*  A  slight  bhie  coloration  that  set  in  after  half  an  hour's  standing  in  the  test  for 
oxidase  (not  peroxidase)  can  hardly  be  considered  as  a  decisive  test. 

■■'Barometric  pressure  771  nun.;  temperature  22°  C. 

®That  the  accumulation  of  /5-catahise  in  a  hquid  is  not  inimical  to  bacterial  groii-th 
was  proven  with  the  mold  culture  filtrates. 
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llO^   C  to  determine  the  dry  matter,  i^hi<j[h  was.(|$^5(<f  to  be  1.851 
grams;  another  portion,  suspended  in  25  cfc  of  ^'flfer,  after  the  addi- 
tion    of  10  cc.  of  hydrogen  peroxid  developed  82  cc.  of  oxygen  in 
thii'ty  minutes;  the  third  part  was  left  with  100  cc.  of  a  10  per  cent 
glucose  solution  for  twenty-four  hours  and,  after  filtering  the  ferment- 
ing liquid,  the  filtrate  and  residue  were  tested  separately.    The  filtrate 
gave  no  reaction  with  hydrogen  peroxid;  the  residue  treated  as  above 
gave  108  cc.  of  oxygen  in  thirty  minutes.     This  sample  of  yeast  con- 
tained no  oxidase  and  but  a  trace  of  peroxidase. 

Another  test  was  made  with  fresh  beer  yeast,  the  yeast  being  free 
from  any  trace  of  oxidase  and  containing  only  a  faint  trace  of  peroxi- 
dase.    A  portion  of  the  yeast  was  suspended  in  100  cc.  of  water  and 
>vith  frequent  shakings  the  mixture  was  divided  into  two  equal  parts, 
one  part  sernng  for  the  determination  of  the  dry  matter,  which  was 
found  to  be  0.540  gram.     The  other  part  was  left  with  3  cc.  of  chlo- 
roform for  twenty-four  hours  in  order  that  the  cells  might  be  killed 
and  consequently  give  up  their  enzyms  to  the  water  more  easily,  thus 
making  it  possible  to  determine  whether  there  was  any  soluble  catalase 
present.     This  was  found  to  be  the  case.     The  clear  filtrate  gave,  upon 
the  ^I'adual  addition  of  15  cc.  of  hydrogen  peroxid,  117  cc.  of  oxy- 
gen in  thirty  minutes.-   The  killed  yeast  itself,  however,  after  washing 
gave  452  cc.  of  oxygen  in  fifteen  minutes.     This  hardly  leaves  any 
doubt  but  that  the  amount  of  «-catalase  here  is  larger  than  the  amount 
of  >^-catalase.     It  is  noticeable  also  that  the  fresh  beer  vcast  is  richer 
in  total  catalase  than  bakers'  veast. 

Various  bacteria  also  produce  considerable  catalase,  ^Bacillm  pyocya- 
nexis^  for  example;  but  the  amount  depends  to  some  extent  upon  the 
conditions  of  nutrition.  In  a  nutrient  fluid  containing  0.5  per  cent 
peptone  and  1  per  cent  glycerol  or  cane  sugar  as  organic  materials 
there  was  much  less  catalase  produced  than  in  a  solution  containing  1 
per  cent  glycerol,  0.2  per  cent  tyrosine,  and  0.2  per  cent  sodium 
acetate,  but  no  peptone. 

In  the  animal  kingdom  catalase  is  also  of  general  occurrence.  The 
aqueous  extracts  of  spleen,  pancreas,  liver,  kidney,  brain,  muscles, 
and  also  the  blood  serum  show  the  power  of  catalyzing  h3'drogen 
peroxid,  but  certain  secretions,  as,  for  example,  the  urine,  lack  it. 
Infusoria,  insects,  worms,  and  moUusks  were  examined  also  with 
positive  results. 

The  luminous  parts  of  a  lightning  beetle  do  not  contain  a  markedly 
larger  proportion  of  catalase  than  other  parts  of  this  insect.  Dif- 
ferent paits  of  about  equal  size  were   crushed  with  about  10  cc. 

*  Other  oxidizing  enzyms — oxidase  and  peroxidase — do  not  appear  to  be  prodin^ed 
by  many  bacteria.  Cultures  of  B.  mbtUi»  and  B,  pyocijanen^  did  not  show  them,  but 
according  to  Boux  (Comptes  Rend.,  vol.  128,  p.  212,  1899),  B.  coli  can  produce  one 
of  these. 
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water,  and  after  transferring  into  an  Erlenmeyer  flask,  5  cc,  hydro- 
gen peroxid  were  added  (rendered  previously  slightly  alkaline).  The 
time  necessary  to  produce  20  cc.  and  40  cc.  oxygen  was  then  noted. 
The  results  were: 


Oxygen. 

With  head. 

With  upper 
abdomen. 

With  Inml- 
nous  parts. 

20  cc 

Minutes. 

U 
51 

Minutes. 

11 

7i 

Minutes. 

U 
5i 

•10  cc 

A  small  beetle  of  about  the  size  of  the  head  of  the  lightning  beetle 
produced  40  cc.  oxygen  in  six  and  one-fourth  minutes,  while  a  medium- 
sized  Carabiis^  0.618  gram  in  weight,  after  being  crushed  w^ith  3*) 
cc.  water,  produced,  upon  the  gradual  addition  of  20  cc.  hydrogen 
peroxid,  168  cc.  oxygen  in  four  minutes,  corresponding  to  the  decom- 
position of  nearly  0.5  gram  pure  anhydrous  hydrogen  peroxid. 

The  extracts  ^  of  animal  organs  yield,  on  saturation  with  ammonium 
sulphate,  precipitates  which,  after  drying  at  the  ordinary  temperature, 
are  only  partly  soluble  again  in  water.     However,  not  only  the  i^oluble 
portion,  but  also  that  which  has  become  insoluble,  shows  catalytic 
power.     Two-tenths  of  a  gram  of  the  insoluble  part  of  a  crude  cata- 
lase  preparation  from  calfs  spleen,  when  suspended  in  20  co.  water, 
yielded,  upon  addition  of  6  cc.  hydrogen  peroxid,  29.2  cc.  oxj^g^en  in 
twenty  minutes.     Hence  this  product  contains  relatively  little  of  the 
active  principle.     An  aqueous  extract  of  beef  muscles  has  a   high 
degree  of  catalytic  power,  and  even  after  it  is  heated  for  one  moment 
to  62°  C.  and  the  coagulated  albumen  is  removed  the  clear  filtrate  has 
still  a  powerful  action  on  hydrogen  peroxid,  while  the  coagulum  itself 
gives  merel}'  a  faint  tmce  of  action,  showing  that  it  absorbed  only 
traces  of  catalase.     Finely  chopped  beef  extracted  for  fifteen  minutes 
with  twice  its  weight  of  water  at  40°  C.  yielded  a  reddish  filtrate  of 
weak  acid  reaction,  of  which  20  cc.  decomposed  6  cc.  of  a  3  per  cent 
hydrogen  peroxid  preparation    almost  completely  in    one    minute. 
When  rendered  slightly  alkaline  the  same  amount  of  filtmte  produced, 
upon  addition  of  20  cc.  hydrogen  peroxid,  fully  163  cc.  oxygen  gas  in 
but  two  minutes. 

The  presence  of  a-catalase  as  well  as  /^-catalase  in  the  pancreatic 
gland  becomes  probable  from  the  fact  that  the  pulp  shows  considerable 
catalytic  power  even  after  repeated  extinction  with  chloroform  water. 
A  1  per  cent  solution  of  sodium  carbonate  at  the  ordinary  temperature, 
however,  extracts  the  insoluble  portion  of  catalase  but  slowly,  and 
besides  transforms  a  part  of  it  into  y^-catalase  by  its  prolonged  influ- 
ence. The  hen's  q^^  is  an  object  poor  in  catalase.  Ten  cc.  of  the 
white  of  an  Qg^^  upon  mixture  with  5  cc.  hydrogen  peroxid,  yielded 
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hese  extracts  were  prepared  by  the  digestion  of  the  finely  chopped  organs  with 
It  40°  to  50°  C.  for  a  short  time  and  filtering. 
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only  21  cc.  of  oxygen  in  fifteen  minutes,  and  the  entire  yolk  yielded 
onl^^  1  cc. 

Milk:  sometimes  contains  only  traces  of  catalase.  In  one  case  20  cc. 
of  fresh  cow's  milk  gave,  upon  the  addition  of  10  cc.  hydrogen  peroxid, 
only  2.4:  cc.  oxygen  in  fifteen  minutes.^  In  another  instance  20  cc.  of 
fresh  milk  yielded,  after  the  addition  of  15  cc.  hydrogen  peroxid,  9.2 
cc.  oxygen  in  the  same  length  of  time.* 

Some  observations  made  by  Spitzer®  with  regard  to  the  amounts  of 
oxygen  produced  by  various  organs  may  be  added  here: 


Dog. 

Cattle. 

Frog. 

Oxygen  developed  in— 

Blood        Liver 
(Igram).  (Igram). 

Brain 
(2gnM.). 

Muscles  1  Pancreas 
(2grms.).  (Igram). 

Ovaries 
(2grms.). 

4  minutes 

cc.       1       cc. 
85              fi.'S 

cc. 

30.8 
56 

cc. 
22 
54 

cc. 
71 
82 

cc. 
24 

13  ^l^n^rt**^  .......  t  . , 

.  76 
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IS  CATALASE  AN  OZIDIZINa  ENZTMP 

The  simple  fact  that  catalase  energetically  decomposes  hydrogen 
peroxid  would  not  in  itself  justify  the  inference  that  catalase  is  also  an 
oxidizing  enzj^m.     Such  a  deduction  has,  however,  some  probability, 
since  we  find  this  catalytic  property  together  with  the  power  of  induc- 
ing  oxidations  in  one  other  substance,  viz,  platinum  black.     But 
platinum  black  furthermore  shows  the  chief  characteristic  of  the  ordi- 
nary oxidase-^that  of  causing,  even  in  the  absence  of  hydrogen  per- 
oxid, a  blue  reaction  with  guaiac,  which  reaction  is  not  obtained  with 
catalase.     With  platinum  black  even  reducing  actions  are  known,*  the 
writer  having  years  ago  shown  that  nitrates  are  reduced  to  ammonia 
by  glucose  in  aqueous  solution  upon  the  addition  of  some  very  active 
platinum  black. "^    In  this  process  the  oxygen  of  the  nitrates  is  thrown 
upon  the  sugar,  which  is  thus  converted  into  acids,  while  hydrogen 
from  the  sugar  migrates  to  the  nitrogen  of  the  nitrates,  yielding 
ammonia.     This  interesting  process,  which  demonstrates  that  an  agency 
causing  oxidations  can  under  other  circumstances  also  cause  reductions, 
seems  to  have  remained  unknown  to  some  recent  writers,  to  judge  from 
their  peculiar  discussions  of  the  reducing  actions  in  the  living  cells. 

'  Since  catalase  and  other  oxidases  are  not  constant  concomitants  of  milk,  it  might 
be  of  interest  to  compare,  in  this  regard,  milk  from  healthy  with  that  from  diseased 
animals. 

*  The  so-called  test  of  Storch  to  distinguish  boiled  from  unboiled  milk  has  nothing 
to  do  with  catalase. 

"Pfluger's  Archiv,  vol.  67  (1897). 

*Bericht«  der  Deutschen  Chemischen  Gesellschaft,  Vol.  XXIII,  p.  676  (1890). 

*The  decrease  of  the  nitrate  content  during  the  sweating  process  of  tobacco  and 
the  formation  of  nitrite  (and  probably  of  ammonia)  thereby  may  be  due  to  an 
analogous  action  of  catalase.  A  short  contact,  however,  does  not  suffice  to  accom- 
plish such  a  change,  as  a  special  test  showed. 
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In  how  many  particulars,  however,  the  behavior  of  platinum  blaek 
is  again  encountered  in  catalase  will  need  to  be  determined  by  special 
investigations.  Some  authors  hold  the  oxidases  to  be  transferrers  of 
oxygen,  but  in  reality  they  are  transferrers  of  chemical  energy  by 
which  certain  other  compounds  are  enabled  to  take  up  the  molecular 
oxygen  directly,  which  they  could  otherwise  do  only  at  a  hi^h  tem- 
pei'ature.  Spitzer  ascribes  to  the  iron  organically  bound  in  certain 
nucleo-proteids  the  property  of  inducing  oxidations.  The  ordinary 
oxidase  and  peroxidase,  however,  as  well  as  y^-catalase,  do  not  pos-ses* 
the  general  characteristics  of  nucleo-proteids,  but  those'  of  albuniosea^ 

The  a<'tion  of  oxidizing  enzyms  in  animals  has  been  investigated  by 
a  number  of  authors.  It  has  been  found  that  a  pulp  made  from  various 
animal  organs,  or  extmcts  prepared  therefrom,  can  oxidize  salicylic 
aldehyde,  benzaldehyde,  and  formaldehyde  to  their  corrcvsponding 
acids.  Mothvl  alcohol  can  be  oxidized  to  formic  acid,  benzvl  alcohol 
to  benzoic  acid,  and  the  oxidation  of  acetone  and  uric  acid  has  also 
been  observed.  Various  color  reactions '  caused  by  oxidation,  ai$  the 
formation  of  indophenol,  Bindschedler's  green,  and  totuylene-blue.* 
are  also,  according  to  Spitzer,  induced  by  the  animal  oxidases.  Of 
inorganic  materials  the  oxidation  of  arsenious  to  arsenic  acid  by 
animal  juices  was  observed  by  Binz. 

It  appears  that  several  oxidizing  enzj^ms  exist  in  animals.  Pohl 
prepared  extracts  which  were  capable  of  oxidizing  aldehydes  but  inca- 
pable of  giving  the  indophenol  reaction.  Jacoby  observed  the  destinic- 
tion  of  uric  acid  by  dog's  liver,  but  not  by  calfs  liver.  We  encounter 
further  contradictory  statements,  especially  in  regard  to  the  oxidation 
of  glucose  and  arabinose  by  the  expressed  juices  of  liver  and  pancreas. 
Jacobv  found  the  amount  of  arabinose  thus  oxidized  to  be  verv 
small.'  W.  Spitzer  and  others  have  observed  the  destruction  of  a 
small  amount  of  glucose  by  blood  drawn  from  animals  and  by  various 
extracts  of  animal  organs.*  This  so-called  glycolysis  was  ascribed  to 
an  oxidizing  enzym  which,  according  to  Spitzer,  gives  a  blue  reaction 

^  These  color  reactions  are  best  obtained  by  moistening  paper  with  the  reagents  and 
bringing  it  in  contact  with  the  animal  pulp. 

^  The  colored  compounds  of  Lauth  can  not,  however,  be  formed  by  oxidases 
(Spitzer). 

*  This  author  further  observed  that  the  animal  oxidase  which  easilv  oxidizes  salicvlic 
aldehyde  to  salicylic  acid,  is  not  destroyed  at  70°  C,  and  that  small  quantities  of 
chloroform,  or  a  solution  of  0.1  per  cent  sodium  hydrate,  stimulate  ite  action,  while 
1  per  cent  sodium  carbonate,  or  0.3  per  cent  sodium  hydrate,  prevent  it. 

*Pfluger's  Archiv,  vol.  60,  p.  303  (1895).  As  examples  he  mentions  that  10  cc 
dog's  blood  can  destroy  in  one  hour,  at  40°  C,  20  milligrams  of  glucose  (detennined 
by  titration);  25  cc.  defibrinated  dog's  blood  oxidized  (completely?)  at  39°  C,  0.1 
gram  of  glucose  in  twenty-four  hours.  The  serum  is  not  active;  the  cellular  ele- 
ments contain  the  active  principle  (lupine,  Spitzer).  Addition  of  hydrogen  peroxid 
did  not  promote  the  process  of  destruction,  not  even  upon  further  addition  of  pal- 
-**'^'um,  which  produced  nascent  oxygen  from  the  hydrogen  peroxid. 
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with  guaiac  on  addition  of  hydrogen  peroxid,  and  also  shows  at  the 
same  time  catalytic  action  on  hydrogen  peroxid.  This  opinion,  how- 
ever, had  already  been  doubted  by  Jacoby,  who  assumes  not  only 
one  but  several  oxidizing  enzyms  in  the  animal,  and  also  holds  that 
the  ag-ency  oxidizing  the  sugar  is  different  from  that  which  oxidizes 
salicylic  aldehyde  to  salicylic  acid/ 

Quite  recently  F.  Umber  *  has  asserted  that  the  destruction  of  sugar 
by  an  extract  of  the  pancreas  gland  is  merely  due  to  microbes,  since 
it  is  not  observed  when  antiseptic  measures  are  resorted  to. 

The  inability  of  or-  and  y^-catalase  to  produce  a  blue  reaction  with 
guaiac  solution  appears  at  first  sight  to  be  decisive  against  the  assump- 
tion that  these  enzyms  can  bring  on  any  oxidation;  but  this  inference 
is  not  justifiable,  since  the  action  of  the  oxidizing  enzyms  is  sometimes 
quite  specific;  that  is,  they  act  only  on  a  certain  group  of  bodies  of  a 
distinct  chemical  character  or  on  compounds  in  which  not  only  a  cer- 
tain degree  of  lability,  but  also  a  configuration,  is  found  that  coincides 
in  a  certain  measure  with  that  of  the  oxidizing  enzym.     Gruss  has 
recently  observed  an  oxidizing  enzym  in  barley  grains  which  has  no 
reaction  on  guaiac,  but  yields  a  violet  color  with  tetramethylparaphe- 
nylendiamine.     He  calls  it  spemiase.' 

The  indophenol  reaction  also  can  not  be  produced  by  catalase.  This 
was  tried  with  a  preparation  from  sweated  totecco  and  with  one 
obtained  by  salting  out  the  filtrate  of  a  culture  of  PeincilVmm  by 
anmionium  sulphate.  A  trace  of  hydrogen  peroxid  in  the  control  case 
sufficed  to  produce  this  blue  color  in  the  mixture  of  paraphenylen- 
diamine  and  o'-naphthol  in  presence  of  sodium  carbonate,  even  in  the 
absence  of  oxidizing  enzyms. 

A  characteristic  oxidation  by  catalase,  however,  is  produced  with 
hydroquinone,  the  odor  of  quinone  being  developed  within  a  very 
short  time.  This  has  been  tried  with  )^-catalase  salted  out  from  the  juice 
of  potatoes,  with  extract  of  poppy  seed,  with  a  concentrated  extract 
of  sweated  tobacco,  and,  further,  with  tobacco  that  had  been  well 
extracted  with  water  containing  chloroform.  This  well-washed 
tobacco,  containing  a  considerable  amount  of  or-catalase,  gave,  after 
being  moistened  with  a  dilute  solution  of  hydroquinone  and  stand- 
ing fifteen   minutes,   the   characteristic  quinone  odor,   which  after 

^  ViTchow'8  Archiv,  vol.  157,  p.  235  (1899). 

'  Zeitechrift  fur  Klinische  Medicin,  vol.  39,  p.  13  (1900) . 

'Sometimes  the  reaction  of  the  medimn  to  be  tested  has  to  be  carefully  observed, 
since  certain  color  reactions,  as,  for  example,  the  indophenol  rea^'tion,  succeed  only  in 
weak  alkaline  solution.  Sometimes  certain  compounds  may  also  be  present  which 
interfere  with  the  production  of  the  reaction.  Thus,  Epstein  observed  that  the  action 
of  the  oxidase  contained  in  fresh  juice  of  beets  is  prevented  by  the  presence  of  prussic 
add,  and  is  restored  when  this  is  expelled  by  "a  current  of  air.  This  is  also  a  deci- 
sive proof  of  the  enzymatic  nature  of  the  oxidizing  phenomena  in  fresh  beet  juice. 
(Archiv  fur  Hygiene,  vol.  36,  p.  140. ) 
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twenty-four  hours  became  very  strong.  The  same  moist  totmcK  \ 
was  heated  in  a  closed  vessel  to  95^  C.  for  ten  minutes  and  then  j 
moistened  with  the  same  solution,  but  no  trace  of  the  quinone  odor 
could  be  perceived,  even  after  twenty -four  hours.  The  same  n^ativr 
behavior  was  observed  with  tobacco  cured  with  artificial  heat  at  i 
higher  temperature  and  therefore  containing  no  catalase  (flue-cured 
bright-yellow  Virginia  tobacco),  no  trace  of  the  odor  being  produced. 

The  sweated  tobacco  which  was  used  in  the  tests  with  hydroqoiiioiie 
was  free  from  oxidase  and  peroxidase  and  did  not  contain  any  other 
known  enzym;*  it  therefore  follows  that  a-  and  y^-catalase  belong  to 
the  class  of  oxidizing  enzyms. 

The  smell  of  quinone  produced  by  the  action  of  animal  catalaiiie 
upon  hydroquinone  is  less  marked,  perhaps  on  account  of  the  presence 
of  too  large  a  proportion  of  impurities  of  a  protein  nature.  But  this 
oxidation  can  be  observed  well  when  to  a  cx)ncentmted  extract  of  beef, 
made  at  the  ordinary  temperature,  1  per  cent  of  hydroquinone  is  added 
and  the  mixture  is  left  for  several  days  in  a  large  flask  plugged  with 
cotton.  The  hydroquinone  produces  a  precipitate  and  also  a  gradu&l 
and  moderate  darkening  of  the  mixture.  It  furthenuore  prevents,  in 
that  concentration,  Imcterial  development.  When  after  several  days? 
a  little  oxalic  acid  is  added,  a  very  marked  odor  of  quinone  is  developed, 
becoming  much  stronger  on  heating. 

While  certain  oxidases  can  oxidize  very  dilute  eugenol  to  vanillin, 
catalase  seems  incapable  of  accomplishing  this;  at  least  no  odor  of 
vanillin  was  noticeable  after  one  day.  Nor  is  ethyl  alcohol  oxidized 
by  it  either  to  aldehyde  or  to  acetic  acid,  and  cyanin  is  not  decolorized 
by  it,  although  this  compound  is  easily  destroyed  by  other  oxidizing 
agents,  as,  for  example,  hydrogen  peroxid.  Saligenin  and  indigo  car- 
min  are  not  attacked  by  it,  at  least  not  in  neutiul  solution. 

Other  tests  were  made  to  ascertain  whether  carbonic  acid  would  be 
produced  from  various  organic  compounds  by  the  action  of  ^-catalase. 
Sweated  tobacco,  rich  in  or-catalase,  was  well  extracted  with  chloroform 
water  at  the  ordinary  temperature,  pressed,  and  an  amount  correspond- 
ing to  from  35  to  40  grams  of  dr}^  matter  put  in  a  flask,  after  being 
moistened  with  solutions  of  the  organic  substances  to  be  tested,  and 
heated  to  from  55^  to  60^  C.  in  a  current  of  air,  which  had  passed  through 
a  solutionof  caustic  potash  and  then  through  a  flask  containing  chloro- 
f  onn.  For  absorption  of  the  carbonic  acid  a  solution  of  barium  hydrate 
containing  0.62  per  cent  of  BaO  was  used.  Each  test  lasted  one  hour. 
Control  tests  were  also  made,  since  not  only  the,absorption  of  carlwnic 
acid  from  the  air  by  the  tobacco  before  it  was  placed  in  the  flask,  but 

^  It  is  scarcely  necessary  to  state  that  the  common  hydrolyzing  enzyms— diastase, 
emulsin,  papain,  etc. — have  not  the  power  of  oxidizing  hydroquinone  to  quinone. 
The  writer  has  especially  assured  himself  on  this  point. 
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Iso  the  oxidation  of  certain  organic  materials  contained  in  the  leaves, 
7BS  possible.^ 

It  was  found  that  of  the  25  cc.  of  baryta  water  applied  in  the  two^ 
x>ntrol  cases  there  were  neutralized  3.1  and  3.^  cc,  respectively.  The 
>ther  results  Mrere  as  follows: 


Compound. 


tnition.  I    A^n.^j 


Baryta  wa- 
ter neu- 
tralized. 


Bodinm  malate 

Pf}'  mit. 
6 
6 
6 

1 

20 

cc, 

8.5 

l»o4tani  tartrate                                             ...                 

5.0 

Sodimn  dtnite - 

9.1 

Tyrosine 

4.0 

Nicotine  sulpliate 

8.5 

Soap :. 

Glucoee 

8.5 
6.2 

During  the  one  hour  the  test  lasted  no  distinct  traces  of  ammonia 
were  produced  either  from  tyrosine  or  nicotine.  These  compounds 
might,  however,  show  less  resistance  under  the  influence  of  other 
oxidation  processes  of  a  considerable  activity  as,  for  instance,  in  the 
fermenting  of  the  tobacco  piles.  The  amount  of  carbonic  acid  pro- 
duced in  this  short  time  was  also  but  small,  and  ma}'  represent  a  mere 
by-product  of  partial  oxidations.  Some  oxidation  in  the  above  cases 
can  only  be  assumed  for  glucose  and  citric  acid,  since  the  othei*  num- 
bers differ  too  little  from  those  of  the  control  case. 

Another  special  test  showed  that  an  aqueous  solution  of  0.5  per  cent 
glucose,  in  presence  of  1  per  cent  phenol  as  an  antiseptic,  is  not  changed 
by  ^-eatalase  at  the  ordinary  temperature  within  a  fortnight.  The 
solution  was  kept  in  a  large  closed  flask  in  contact  with  much  air,  and 
was  repeatedly  titrated  with  Fehling's  reagent.  The  result  may  diflfer, 
however,  when  the  mixture  is  exposed  to  the  air  on  a  porous  surface 
and  in  presence  of  an  alkaline  reaction. 

THE  PHYSIOLOGICAL  IMPORTANCE  OF  OATALASE. 

There  does  not  exist  a  group  of  organisms  or  any  organ  or  even  a 
single  vegetable  or  animal  cell  that  does  not  contain  some  catalase,  as 
far  a.s  the  observations  of  the  writer  go.  This  general  occurrence  of 
catalase  in  the  organized  world  can  not  be  accidental  and  must  have  a 
certain  significance.  Since  the  destruction  of  hydrogen  peroxid  is 
the  most  characteristic  property  of  catalase,  can  this  property  be  of 
physiological  value?  Is  there  any  production  of  hydrogen  peroxid  in 
the  living  cells,  and,  if  so,  is  the  destruction  of  this  product  of  advan- 
tage to  the  cells?  The  catalase  of  the  cells  would  energetically  destro}' 
any  trace  of  this  compound  immediately  after  its  formation  (see  also 

*  By  the  previous  extraction  with  water,  fatty  matter,  nucleo-proteids,  and  a  por- 
tion of  the  colormg  matter  could  not,  of  course,  be  removed. 
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p.  17.)  The  possibility  of  the  production  of  hydrogen  peroxid  in  the 
living  cells  while  the  energetic  oxidation  representing  the  respiration 
process  is  going  on,  can  not  be  denied;  it  is,  in  fact,  very  profaabk. 
Recent  investigations  have  shown  beyond  a  doubt  that  labil  hydrogen 
atoms  in  an  organic  compound  can  form  hydrogen  peroxid  on  comity 
into  contact  with  free  oxygen.  When  it  happens  that  the  main  organic 
complex  is  otherwise  not  readily  oxidized,  and  especially  is  not  easily 
changed  further  by  the  hydrogen  peroxid  formed,  the  amount  of  the 
latter  produced  can  be  determined  quantitatively.  Thus  it  can  be 
shown  that  this  amount  corresponds  to  the  amount  of  the  labil  hydrogen 
atoms  which  have  separated  from  the  organic  compound  to  combine 
with  molecular  oxygen.  Such  a  compound  is  phenylhydroxylaniine, 
studied  by  Eugen  Bamberger.*  It  has  a  relatively  stable  atomic 
structure,  the  two  unstable  atoms  being  the  two  hydrogen  atoms  in  the 
h3'droxylamine  group,  which  are  inclined  to  combine  directly  with  one 
molecule  of  oxygen  when  exposed  to  the  air  in  aqueous  solution. 

CeHsNHOH       ^  0=0  gives        C.HjNO     -f  H— O-O— H 

*  »  *  >  *  .   ,  *•  » 

Phcnylhydroxylamine.    Molet'ular  oxygen.  Nitroeobenzene.*    Hydrogen  peroxid. 

In  presence  of  sodium  hj'drate  the  hydrogen  peroxid  formed  is  rap- 
idly consumed  again,  the  nitrosobenzene  being  thereby  oxidized  to 
nitrobenzene.  Hence  the  primary  formation  of  hydrogen  peroxid  in 
this  latter  case  escapes  notice,  which  also  happens  in  numerous  other 
instances  of  autoxidation.  Cases  exist,  however,  where  even  in  pres- 
ence of  sodium  hydrate  the  h\'drogen  peroxid  remains  unchanged,  as 
shown  bv  W.  Manchot.'  Oxanthranol  dissolved  in  alkalies  forms  a 
red  solution  which  in  contact  with  air  is  rapidly  decolorized  and  sepa- 
rates white  anthraquinone,  while  at  the  same  time  hydrogen  peroxid 
is  produced. 

.CIIOHv  /COv 

C,UX  >CeH,  -f-  0=0  gives  C.UX        }C,U,  -h  H-O-O-H 


Oxanthranol.  Anthraquinone. 

It  was  found  by  that  author  that  for  one  molecule  of  anthraquinone 
one  molecule  of  hydrogen  peroxid  was  produced,  which  confirms  the 
correctness  of  this  equation.  Quite  in  analogy  is  the  transformation 
of  dihydrophenanthrenquinone  to  phenanthrenquinone,  that  of  hydro- 
chiTsoquinone  and  hydroretenquinone  to  their  respective  ketones,  and 
that  of  hydrazotriazol  to  azotriazol. 

» Berichte  der  Deutechen  Chemischen  Gesellschaft,  vol.  33,  p.  113  (1900). 

''The  nitro8ol)enzene  thus  primarily  formed  is  acted  upon  by  still  unchanged 
molecules  of  phenylhydroxylamine  and  forms  azoxybenzene.  Three  grams  of 
phenylhydroxylamine  in  40  cc.  water  yielded,  after  treatment  with  a  current  of  air  for 
seventy  hours,  2.5  grams  azoxybenzene  and  0.398  gram  hydrogen  peroxid,  which 
corresponds  to  92.5  per  cent  of  the  theoretical  yield. 

'Ueber  freiwillige  Oxydation,  Leipzig,  Veil  &  Co.,  1900. 
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f  Hence  the  view  of  Traube  that  nascent  hydrogen  atoms  can  reduce 
lK)lecuIar  oxygen  to  hydrogen  peroxid  can  also  be  extended  to  labU 
^drogen  atoms. 

The  transformation  of  molecular  oxygen  into  hydrogen  peroxid  is 
tonsidered  as  an  activifying  of  oxygen.  In  analogy  with  the  forma- 
3on  of  hj'^drogen  peroxid  the  peroxids  of  organic  complexes  also  may 
i)e  formed  in  certain  processes  of  autoxidation,  as  Engler  ^  has  recently 
shown  for  pinen,  amylen,  hexylen,  styrol,  cyclopentadi^n,  and  dial- 
lylether.  Benzaldehyde  yields  by  autoxidation,  according  to  Baeyer,* 
primarily  benzoj'lated  hydrogen  peroxid,  CgH^ — CO — O — O — H,  which 
easily  transfoi"s  1  atom  of  oxygen  upon  another  molecule  of  benzalde- 
hyde, or  upon  some  other  easily  oxidizable  material,  and  thereby 
becomes  benzoic  acid.  This  would,  however,  not  yet  justify  an 
attempt  to  extend  the  analogy  also  upon  the  oxidations  caused  by  the 
living  protoplasm,  since  it  would  involve  a  continuous  oxidation  of  the 
protoplasm  itself  and  lead  to  an  early  death  of  the  cells  beforerecon- 
struction  of  the  injured  parts  would  become  possible.  Nevertheless 
the  proteids  composing  the  living  matter  betray  an  aldehyde  nature 
by  the  toxicological  behavior  of  the  living  matter.' 

The  oxidations  in  the  living  protoplasm  have  often  been  ascribed  to 
an  activified  oxygen,  and  doubtless  many  chemists  would  feel  inclined 
to  assume  the  formation  of  hydrogen  peroxid  in  order  to  account  for 
oxidations  of  which  common  oxygen  seems  incapable.  But  it  nmst 
be  considered  that  the  great  labilitv  of  the  proteids  of  the  living  proto- 
plasm— in  other  words,  the  accumulation  of  kinetic  chemical  energy  in 
them — is  here  a  more  important  factor  than  the  natural  tendency  of 
common  oxygen  or  hydrogen  peroxid  to  cause  oxidation.  It  is  further 
a  fact  that  hydrogen  peroxid  can  not  be  utilized  by  the  living  proto- 
plasm as  an  oxidizer,  since  the  active  atomic  groups  in  the  proteids  of 
the  living  matter  would  be  oxidized  by  it  instead  of  the  thermogens 
stored  up  in  the  cells  for  combustion,  and  injuiy  or  death  would  result; 
indeed  the  highly  poisonous  character  of  hydrogen  peroxid  is  well 
known.*  Therefore,  since  the  oxidation  in  the  respiration  process 
would  take  a  detrimental  turn  if  hydrogen  peroxid  accumulated  as  a 
hy-product,  the  role  of  the  catalase  may  possibly  be  explained.  It 
would  destroy  every  trace  of  this  poisonous  substance  as  quickly  as  it 
were  formed  and  would  thus  afford  an  important  protection.     The 

^Berichte  der  Deutwhen  Chemischen  (xesellschaft,  vol.  33,  p.  1103. 

*Ibid.,  p.  1582. 

'These  points  are  fully  discussed  in  chapter  12  of  the  treatise  of  the  writer,  Die 
chemische  Energie  der  lebenden  Zellen,  Munich,  1899,  E.  Wolff,  publisher. 

*  In  a  dilution  of  1:  200  hydrogen  peroxid  kills  cholera  bacilli  in  three  minutes;  of 
1:15,000  it  impedes  development  of  typhoid  bacilli;  of  1: 10,000  it  kills  infusoria  in 
from  fifteen  to  thirty-six  minutes;  and  in  one  of  1:1,000  algje  are  killed  in  a  short 
^e.    Intravenous  injections  kill  mammals  by  stopping  respiration. 
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oxygen  set  free  by  this  destructive  operation  could  at  once  he  utilized 
again  for  the  continuance  of  the  respiration  process.^ 

It  may  be  asked  what  function  the  catalase  performs  in  fermenting 
yeast  and  anaerobic  microbes,  since  in  these  there  is  no  nonnal  respin- 
tion  process  and  hence  no  occasion  for  the  formation  of  hydrogei 
peroxid  by  autoxidation."  Catalase  must  then  have  still  another  func- 
tion, and  the  writer  is  inclined  to  assume  for  it  the  facultj^  aL«o  of 
loosening  chemical  affinities  in  certain  compounds  to  such  a  degree 
that  the  protoplasm  itself  can  more  easily  split  them,  or«  when 
oxygen  has  access,  can  more  easily  oxidize  them.  In  other  words, 
catalase  might  represent  an  aid  for  fermentative  as  well  as  as  for 
respirative  phenomena.  In  the  case  of  the  yeast  it  may  be  of  impor- 
tance for  the  action  of  Buchner's  zymase.  The  amount  of  catalase  in 
yeast  is  relatively  large  (see  p.  35),  and  the  expressed  juice  of  yeast  is 
also  rich  in  it.  Catalase  may  also  be  capable  of  accomplishing  cer- 
tain reducing  processes,  since  platinum  black  can  also  induce  reduc- 
tions as  well  as  oxidations  (see  above,  p.  37).  An  enzym  with  a 
reducing  action  was  recently  observed  by  Abelous  and  Gerard  in  the 
aqueous  extract  of  the  horse  kidney.  It  is  capable  of  reducing 
nitrates  to  nitrites,  and  nitrobenzene  to  aniline.' 

Since  catalase  is  of  universal  occurrence  in  the  organized  world,  and 
is  capable  of  destroying  every  trace  of  hydrogen  peroxid  as  soon  as  it 
is  formed,  it  is  quite  impossible  that  the  latter  product  could  ever  be 
found  in  living  cells.  The  assertions,  therefore,  of  Clermont,  Wurster, 
Bach,  and  E.  Baumann  to  the  contrary  have  lost  every  trace  of  justi- 
fication. Direct  tests  by  Bokornj',  Pfeflfer,  Cho,  and  others,  have 
proved  the  incorrectness  of  this  assumption.*  It  is  evident,  further, 
that  Reinke's  hypothesis  of  the  respimtion  process,*  which  assumes 
the  formation  of  hydrogen  peroxid  as  a  necessar}"  intermediate  step 
to  enable  the  combustions  to  take  place  in  the  protoplasm,  must  be 
abandoned.     The  protoplasm  would  hardly  prepare  a  special  enzym 

*  Some  authors  go  so  far  as  to  ascribe  the  entire  respiration  process  to  the  activity 
of  certain  enzyins.  This  View  is  certainly  incorrect;  otherwise  the  oxidations  char- 
acteristic of  the  respiration  process  should  continue  qualitatively  and  quantitatively, 
after  heating  cells  to  their  death  point  (40°^50°C). 

*  Among  the  obligate  anaerobic  microbes  the  bacillus  of  blackleg  was  tested  and 
also  found  to  contain  catalase. 

*  Academic  des  Sciences,  meeting  of  December  11,  1899. 

*  It  may  also  be  mentione<l  that  Schoenl:)ein's  assertion  of  the  occurrence  of  hydro- 
gen peroxid  in  the  violet  fluorspar  of  Wolsendorf  has  been  refuted,  since  the  writer 
demonstrated  long  ago  that  Schoenbein's  results  are  not  due  to  the  presence  of  that 
supposed  "antozon,"  or  to  hydrogen  peroxid,  but  to  traces  of  free  fluorin,  prob- 
ably formed  by  the  gradual  dissociation  of  small  quantities  of  a  sui)erfluorid  of 
cerium.  The  sentence  on  p.  113,  Vol.  XIII,  of  the  "Handw^orterbuch"  relating  to 
Schoenbein's  observations  should  therefore  be  corrected. 

*  Botanische  Zeitung,  1883,  Nos.  5  and  6. 
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lat  would  destroy  with  gi*eat  vigor  and  promptness  a  product  neces* 
iry  for  its  respiration. 

The  protoplasm  represents  a  most  complicated  machine,  built  up 
f  easily  changeable  proteids.  This  easy  change  to  comparatively 
table  forms,  in  the  process  of  dying,  implies  a  loss  of  the  labil  atomic 
roups  by  atomic  migration  in  the  molecules,  and  a  loss  of  kinetic 
hemical  energy.'  The  atoms  of  the  labil  groups  are  in  continuous 
notion,  representing  a  charge  with  kinetic  chemical  energy.  This 
nergy  is  transferred  by  the  protoplasm  to  the  thermogens,  princi- 
»lly  sugar  and  fat  (lecithin),  which  at  the  ordinary  temperature  are 
lot  at  all  disposed  to  oxidize  themselves  directly  on  contact  with  air. 
Jy  contact  with  the  living  protoplasm,  however,  they  become  capable 
^f  thus  oxidizing  themselves,  since  the  protoplasm  imparts  to  their 
ktoms  such  a  state  of  motion  that  their  affinities  are  loosened  and  they 
jan  take  up  oxygen  from  the  air  without  the  oxygen  being  previously 
ictivified.  This  splitting  of  the  oxygen  molecules  and  the  combining 
)f  the  oxygen  atoms  with  the  atoms  in  sugar  and  fat  proceeds  at  one 
ind  the  same  moment:  but  at  the  same  time  certain  labilized  activified 
bydrogen  atoms  of  the  thermogens  can  combine  with  still  entire  mole- 
cules of  oxygen,  thus  forming  hydrogen  peroxid  as  a  by-product,  as 
previously  mentioned. 

The  heat  produced  by  the  combustion  of  the  thermogens  is  again 
turned  in  a  certain  measure  by  the  living  protoplasm  into  chemical 
energy,  since  the  heat  energy  instigates  the  atoms  of  the  labil  groups 
to  much  more  intense  oscillations  than  is  the  ease  with  the  more  stable 
atoms.  The  easy  transformation  of  heat  energy  into  chemical  energy 
is  known.  The  former  represents  motions  of  molecules  and  atoms, 
the  latter  an  atomic  motion  which  consists  of  oscillations  of  a  greater 
wnplitude  than  the  motions  induced  by  heat  energy.  This  can  be 
inferred  from  the  fact  that,  other  things  being  equal,  chemical  energy 
is  capable  of  loosening  affinities  in  molecules  much  more  readily  than 
heat  energy  can  at  a  moderate  temperature. 

When  the  thermogens  are  consumed  in  the  cell  without  a  fresh  sup- 
ply being  available,  the  labil  proteids  of  the  living  protoplasm  them- 
selves take  up  oxygen.  Thus  by  their  partial  oxidation  a  disturbance 
is  produced  which  may,  at  a  certain  stage,  lead  to  the  total  collapse  of 
the  protoplasm  with  a  loss  of  all  the  labil  groups.  This  is  the  death 
of  the  cells  by  starvation. 

When,  however,  thermogens  are  present  but  the  oxygen  is  with- 
held, the  activified  molecules  of  sugar  undergo  other  changes,  brought 
on  by  the  far-reaching  loosening  of  affinities,  and  laccic  acid,  alco- 
hol, or  fat  result,   accompanied  by  a  simultaneous  production  of 

*Thi8  eneiyy  is  perceptible  as  heat  in  the  dying  of  the  muscular  tissues  of  animals — 
the  Bo-called  postmortem  rise  of  temperature. 
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carbonic  acid  from  destroyed  sugar  molecules.  This  process,  winch 
in  most  cases  is  of  but  short  duration  and  is  terminated  bv  the  eari? 
death  of  the  cells  by  suffocation,  is  known  under  the  name  of  *'intii- 
molecular  respiration."  The  recent  important  observations  of  Eugct 
Bamberger  furnish  an  interesting  chemical  analog}^  to  ordinary  and 
intramolecular  respiration.  He  found  that  y^-phenylhydroxylamiiie 
not  only  oxidizes  itself  readily  on  contact  with  air  and  induces  oxi<b- 
tion  of  other  compounds,  as  indigo-carmine,  but  can  also,  in  the  pre^ 
ence  of  a  little  alkali  and  the  absence  of  air,  change  it^lf  to  anilioe 
and  nitrosobenzene,  which  represents  on  the  one  side  a  reductioo 
and  on  the  other  an  oxidation,  in  full  analogy  to  the  changes  in  intn- 
molecular  respiration. 

The  development  of  oxygen  by  the  action  of  catalase  upon  hydrogen 
peroxid  recalls  another  instance  of  development  of  oxygen;  it  is  the 
assimilation  of  carbon.  Here  the  oxygen  developed  is  generally 
jissunied  to  be  derived  directly  from  carbonic  acid,  as  expressed  bv 
the  following  equation: 

0=C>^^QfT    becomes        ^=^\H       "^  » 


Carbonic  acid.  Formic  aldehyde.      Molecular  oxygen. 

An  ingenious  h3'pothesis  of  Erlenmeyer^  tries,  however,  to  explain 
this  separation  of  oxygen  by  a  previous  formation  of  hydrogen  per- 
oxid and  assumes  formic  acid  to  be  the  first  organic  product  of  the 
assimilation  process. 

/OH     H  you 

0=C  -i-    I        T^omes    0=C  -i       HO  — OH 

\On       OH  \  H 


Formic  acid.      Hydrogen  pewxid. 
HO— OH 

=  2H,0  -f  O, 
HO— OH 

Since  the  formation  of  formic  acid  is  not  very  probable,  we  might 

substitute  the  following  e([uation  which  would  express  an  eventuallv 

direct  formation  of  formic  aldehyde,  which  by  condensation  may  yield 

sugar. 

XOH      HOH  yn      H,0, 

0=C  4-  becomes  0=C         -|- 

\0H       HOH  \H       HaO, 

2H2O2  =  2H2O  -f  Oj. 

Pfeffer*  gives  the  following  declamtion  against  the  above  hypoth- 
esis: *'Erlennieyer  supposed  that  formic  acid  and  hydrogen  peroxid 
are  formed  during  the  assimilation  of  carbon  dioxid — a  theory  which 
the  absence  of  hydrogen  peroxid  from  assimilating  plant'^  conclusively 
negatives."    The  undeniable  fact  that  all  reagents  fail  to  show  the 

^Berichti*  dor  Deut.^chen  Cheinischoii  (Tepcllschaft,  1877,  p.  634. 
*Physiol()^y  of  Plants,  Vol.  I,  p.  So(J  (1900.) 
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>resence  of  h3^drogen  peroxid  in  the  cells  can  not,  however,  be  accepted 
)y  a  critical  mind  as  a  proof  that  it  is  not  f omied  at  all,  since  it  would 
lave  only  an  ephemeral  existence.  B}"  its  rapid  decomposition  it 
^ould  give  rise  to  the  oxygen  developed  by  the  chlorophyll  bodies —a 
new  which  would  find  some  support  if  it  could  be  shown  that  the 
shlorophyll  bodies  are  very  rich  in  catalase. 

While  Pfeflfer's  objection  can  not  be  considered  a  serious  one,  some 
better- founded  chemical  objections  might  be  raised.  It  is  a  fact  that 
jhemistry  does  not  show  a  single  instance  where  two  hydroxyl  groups 
3an  unite  to  form  hydrogen  peroxid.  Such  a  process  would  be  improb- 
fcble,  although  not  impossible.* 

*  Briihl  (Ber.  d.  Deiitachen  Ghem.  Ges.,  vol.  33,  p.  1710)  maintains  that  hydrogen 
peroxid  caii  not  be  a  simple  **  bihydroxyl"  HO — OH,  but  that  the  formula  HO  =  OH 
would  correspond  better  witii  its  behavior,  since  it  is  free  of  electric  absorption  and 
shows  a  very  hiph  dielectric  constant. 
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LETTER  OF  SUBMITTAL. 

U.  S.  Department  op  Agriculture, 

Office  of  the  Special  Agent, 
Washington,  D.  C,  AprU  15,  1901. 
Sir:  I  submit  herewith,  for  your  inspection  and  approval,  my  report  for  1900  as 
special  agent  for  the  investigation  of  the  sugar  industry.     It  includes  the  results  of 
oiy  own  observations  and  investigations,  and  a  considerable  mass  of  information  per- 
tinent to  the  subject  collected  from  various  reliable  sources. 

Chas.  F.  Sayixjr,  Specutl  Agent. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


Introductiox. 


This  report  follows  the  same  general  lines  as  its  predecessors.  It 
is  prepared  in  what  is  believed  to  be  the  best  form  for  the  general 
residing  public.  Technical  matter  and  scientific  style  are  avoided  as 
far  as  possible.  Due  attention  has  been  paid  to  criticisms  and  com- 
ments of  the  press  on  previous  reports;  also  to  criticisms  and  sugges- 
tions received  through  correspondence  and  otherw^ise. 

The  instruction  of  all  classes  who  are  or  may  become  interested  in 
the  beet-sugar  industry  has  been  the  object  kept  always  in  view.  As 
the  interest  in  this  industry  is  rapidly  spreading,  and  thousands  of 
persons  will  vend  this  report  who  never  saw  those  of  previous  years, 
it  has  seemed  absolutely  necessary'  to  devote  some  attention  to  topics 
already  treated  somewhat  fully  in  m}'^  previous  reports.  Hence  no 
apology  is  deemed  necessary  for  repetition. 

Those  most  interested  in  the  success  of  this  industrv  in  the  United 

States  are  certainl}^  to  be  congratulated  on  the  rapid  and  substantial 
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progress  it  has  made.  Only  a  few  years  ago  our  people  were  entirah 
unacquainted  with  any  phase  of  the  sugar  industry  except  the  ca 
sumption  of  the  product.  Capitalists  knew  nothing  of  its  mannfg' 
ture  except  that  large  capital  was  necessary  to  start  the  industn; 
The  farmers  had  to  be  educated  in  a  new  branch  of  agricultural  piv 
duction.  The  capitalists  had  to  learn  all  the  conditions  necessairyli 
the  success  of  a  factory.  The  broad  domain  of  the  United  States  fail 
to  be  investigated  and  the  conditions  of  localities  tested.  Along  thesi 
lines  a  vast  amount  of  preliminary  work  has  been  done.  The  bee$ 
sugar  belt  has  been  successfully  delimited,  and  in  many  lo<sditiGi 
within  that  belt  the  industry  has  successfully  passed  lieyond  dn 
experimental  stage. 

Primary  work  was  necessarily  the  first  requirement.  The  Depart- 
ment of  Agriculture,  working  in  conjunction  with  the  State  experiment 
stations,  has  been  diligently  experimenting  and  solving  the  agricultuni 
questions  that  entered  into  the  beet-sugar  problem.  The  kinds  <rf 
soil,  the  conditions  of  climate,  the  sections  of  country,  the  costasd 
profits  of  production,  the  direct  and  indirect  benefits  to  the  famm^ 
industry  are  subjects  that  have  been  carefully  studied,  and  the  resoles 
have  been  published.  The  secular  and  agricultural  press,  and  writers 
and  lecturers  on  agricultural  subjects  have  all  aided  materially  in  thk 
work. 

Capitalists  have  investigated  the  statistics  of  those  countries  of 
Europe  that  have  had  this  industry  established  for  some  time.  They 
are  becoming  much  better  posted  on  the  questions  involved,  such  as  the 
amount  of  capital  required,  the  profits  of  manufacture,  and  the  eoo- 
ditions  necessary  in'  establishing  a  factory  at  any  given  point.  Ttis 
primary  education  is  now  a  part  of  the  genei-al  information  of  the 
country. 

There  has  been  a  marked  tendency  during  the  past  year  toward  a 
crystallization  of  ideas  into  something  tangible  and  peculiar  to  our 
own  conditions,  so  that  a  less  effort  will  be  followed  by  a  greater 
accomplishment  than  formerly,  and  the  effort  itself  has  been  greatly 
stimulated.  We  can  expect,  as  the  yeai*s  roll  on,  to  see  this  industry 
safely  established  and  making  sure  progress. 

While  the  record  of  conditions  that  obtain  in  farming  localities  b 
being  made  up,  the  farmers  themselves  are  gaining  information  as  to  the 
culture  and  uses  of  the  sugar  beet  and  its  cost  of  production.  They 
are  learning  the  value  of  the  crop  for  stock-feeding  purposes.  Xo 
well-regulated  farm  should  be  without  facilities  for  storing  up  a  good 
supply  of  these  roots  for  feeding  purposes.  They  are  a  valuable 
element  in  the  food  mtion  of  the  dairy  cow  or  the  fattening  lamb  or 
steer.  They  are  excellent  for  brood  animals.  They  can  be  easily  pre- 
pared as  cooked  food.  In  any  manner  fed  they  are  easily  digestible. 
They  are  very  desirable  as  a  food  ration  in  which  the  cereals  enter  to 
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a  considerable  extent.  The^'^  seem  to  mitigate  tiie  evil  effects  of  feed- 
ing* hogs  on  an  exclusively  corn  ration.  All  these  facts  are  coming 
home  to  the  farmers.  It  can  readily  be  observed  that,  at  this  stage  of 
the  industry,  efforts  put  forth  by  the  Department  of  Agriculture,  the 
State  experiment  stations,  and  others  who  are  competent  to  give  infor- 
mation are  very  much  more  effective. 

The  public  mind  is  much  better  prepared  to  receive  facts  and  litera- 
ture bearing  on  this  industry  than  it  was  three  or  four  years  ago. 
Outside  of  the  actual  accomplishment  in  the  way  of  establishing  factories 
and  developing  information  incident  to  sugar-beet  growing  in  this 
country  the  receptive  mood  of  the  people  would  in  itself  repay  the 
cost  of  the  effort  that  has  been  put  forth.  Public  interest  manifests 
itself  in  many  ways.  One  scarcely  meets  a  farmer  or  business  man 
these  days  who  has  not  given  more  or  less  attention  to  the  results  of 
sugar-biiet  expenments  that  have  been  carried  on,  and  they  generally 
express  faith  in  the  success  of  beet-sugar  enterprises. 

While  capitalists  as  well  as  farmers  manifest  a  deep  interest  in  the 
future  of  the  sugar  industry,  they  have  been  no  doubt  somewhat 
restrained  by  the  uncertainty  attending  the  future  of  our  new  island 
dependencies,  which  are  themselves  largely  sugar  producers.     On  this 
subject  little  need  be  said.     The  writer  speaks  not  only  as  the  result 
of  careful  consideration  of  all  the  available  data  on  the  sugar  industry 
in  these  dependencies,  but  as  the  result  of  personal  visits  to  Hawaii 
and  Porto  Rico,  and  has  no  hesitation  in  asserting  that  were  the  oppor- 
tunities for  developing  this  indust^^  in  these  new  territories  to  be 
extended  to  their  utmost  capacity  there  would  be  nothing  in  this  to 
discouiuge  our  domestic  sugar  producers.     For  yeai*s  our  domestic 
sugar  consumption  has  been  increasing  even  more  rapidly  than  the 
increase  of  population,  until  during  the  past  fiscal  year  our  imports  of 
sugar  attained  the  enormous  total  of  nearly  2,000,000  tons.     For  gen- 
erations to  come,  then,  it  will  be  necessary  for  the  people  of  the 
United  States  to  import  considei^able  sugar  over  and  above  what  we 
are  likely  to  produce,  and  of  this  importation  the  combined  produc- 
tion of  our  new  island  dependencies  will  not  do  more  than  supply  a 
part,  and  let  us  hope  a  large  part. 

Seed  Distribution. 

The  distribution  of  seeds  from  both  the  Department  of  Agi'iculture 
and  the  State  experiment  stations  htis  become  more  systematic.  The 
Department  has  usually  followed  the  rule  of  sending  out  seeds  in  bulk 
to  some  individual  or  center,  where  the  parceling  ort  to  individuals 
has  been  accomplished  in  a  systematic  manner.  The  State  experiment 
stations  followed  a  system  of  making  up  their  own  lists  of  farmers  for 
distribution  of  seeds.  These  names  were  selectt^d  from  those  known 
to  be  successful  and  attentive  to  farming  interests. 
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During  the  past  year  the  system  of  seed  distribution   has   bea 
improved  and  made  more  effective.     Most  of  the  State  experiineiii 
stations  have  been  stimulating  local  organizations,  known  as  **  Sugar- 
beet  growers'  associations."    An  association  of  this  kind  represents  t 
certain  limited  district  or  territory.     A  sufficient  number  of  plats  of 
ground  are  laid  out  to  test  the  various  soils  of  that  section.     The 
farmers  owning  these  plats  are  furnished  the  beet  seed  and  given  spe- 
cial instruction  on  sugar-beet  culture.     In  some  cases  the  farmers  give 
the  use  of  the  plats  of  ground  and  the  association  hires  a  competent 
superintendent  and  employs  the  laborers  needed  in  the  growing  of 
the  beets  on  these  plats.     This  method  is  very  desirable,  but  its  suc- 
cess depends  upon  the  ability  of  the  association  to  collect  funds  for 
defraying  the  expenses.     This  method  makes  the  data  concerning  the 
planting,  cultivation,  harvesting,  and  disposal  of  the  beet  crop  easily 
obtainable  and  at  the  same  time  accurate.     Thus  the  methods  of  inves 
tigating  this  industry-  are  becoming  more  definite  and  systematic.     The 
facts  are  compiled  and  published  and  become  a  part  of  the  history  of 
the  beet-sugar  industry.     Almost. every  farming  section  in  the  United 
States  where  the  success  of  sugar-beet  culture  seems  at  all  probable 
has  been  investigated,  tested  by  actual  experiments,  and  the  results 
have  been  put  on  record. 

CONSUMl'TION    OF   SuGAR. 

The  consumption  of  sugar  in  this  country  is  increasing  very  fast 
The  development  of  the  arts  ana  manufactures  constantly  calls  for  an 
increased  amount  of  sugar.  Outside  of  the  demand  which  comes  from 
the  use  of  sugar  as  an  article  of  diet,  this  increase  in  consumption  is 
growing  with  our  industries. 

The  use  of  sugar,  except  for  apothecary  purposes,  is  quite  modern 
when  we  consider  the  generations  of  the  human  family.  Queen  Eliza- 
beth was  one  of  the  iii-st  practical  patrons  of  sugar.  She  ordered  it 
regularly  on  her  table,  both  as  an  article  of  diet  and  for  the  purpose  of 
calling  the  attention  of  her  people  to  its  utility.  In  the  comparatively 
short  time  which  has  since  elapsed,  what  appeared  as  a  royal  caprice 
has  become  an  established  custom  of  the  people  in  all  civilized  nations. 
Hardly  any  other  article  of  food  daserves  more  than  sugar  to  be  rec- 
ognized as  a  staple  item  of  diet.  It  is  comparatively  recent  when 
Napoleon  asked  his  scientists  to  name  a  source  and  a  process  through 
which  France  would  be  able  to  furnish  her  own  supply  of  sugar  when 
she  was  blockaded  by  hostile  armies.  In  that  short  time  has  been 
evolved  the  processes,  the  immense  output  of  products,  the  capitaliza- 
tion, and  the  vast  employment  of  labor  that  has  given  the  sugar  beet 
the  place  in  the  world's  econoni}*  \^hich  it  occupies  to-day. 

In  this  country  there  is  scarcely  an  individual  who  can  not  be  classed 
a  consumer,  regularly  and  directly,  of  this  product.     It  is  only  nee- 
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essary  to  study  the  constantly  widening  use  to  which  sugar  is  put  in 
order  to  understand  the  wonderful  increase  in  its  consumption.  Even 
as  an  ai'ticle  of  diet  the  amount  of  sugar  consumed  per  capita  has 
grown  greatly  in  the  last  half  century  and  quite  perceptibly  in  the  last 
quarter.  The  prime  reasons  for  this  increase  are  (1)  the  fact  that  the 
people  are  becoming  more  able  to  purchase  the  good  things  of  life;  (2) 
the  gi*adual  cheapening  of  sugar.  Many  things  that  were  formerly 
luxuries  are  now  real  necessities.  In  the  homes  of  the  people  sugar 
was  first  on  the  list  to  be  affected  bv  the  demand  for  a  better  style  of 
living.     As  the  years  roll  on  this  increase  will  be  more  or  less  constant. 

New  theories  and  discoveries  are  constantly  increasing  the  consump- 
tion of  sugar.  The  United  States  War  Department  is  shipping  over 
37,()00  pounds  of  candy  monthly  for  the  use  of  the  soldiers  in  the 
Philippines,  who  are  thus  encouraged  to  purchase  it  on  the  theory 
that  a  certain  amount  of  saccharine  matter  is  desirable  as  a  supplement 
to  the  regular  ration.  Similar  experiments  have  been  tried  on  the 
different  armies  in  Europe,  the  results  of  which  have  been  favorably 
reported.  Many  physicians  and  scientists  indorse  the  use  of  sugar  as 
a  regular  part  of  army  rations. 

There  has  been  a  great  increase  in  the  use  of  sugar  in  the  manufac- 
ture of  druggists'  supplies,  in  the  formation  of  tinctures  and  sirups  of 
all  kinds.  In  the  confectioners'  art  we  find  an  industry  that  has  grown 
beyond  all  comparison  in  all  sections  of  the  United  States,  and  with 
the  growth  of  this  industry  has  grown  the  demand  for  the  mw  prod- 
ucts, chief  among  which  is  sugar. 

The  industry,  howev^er,  that  has  entered  most  into  the  demand  for 
sugar  and  has  been  most  constant  in  its  growth  is  that  of  preserving 
fi*uits.  The  preserving  industries  are  among  the  most  important  in 
several  of  the  States.  As  new  facilities  are  acquired  for  opening  up 
and  bringing  into  use  new  agricultural  lands — such,  for  instance,  as 
irrigation — new  fruit  industries  are  constantly  being  established,  the 
products  of  which  must  find  a  market.  For  the  preparation  of  the 
fruits  for  market  canneries  have  been  established,  and  in  this  wa}' 
preserved  products — such  as  jellies,  preserves,  jams,  and  the  like-  -are 
constantly  being  pushed  out  into  the  trade.  Sugar  is  an  iniportjint 
factor  in  the  prepartion  of  these  articles  for  market. 

Other  industries  might  be  mentioned,  but  enough  has  been  said.  It 
is  only  necessarv  to  add  in  this  connection  that  most  of  these  industries 
which  consume  sugar  largely  are  young;  they  are  constantly  growing 
and  widening  in  their  sphere.  Taking  into  consideration  the  growth 
of  these  industries  and  the  tendency  of  our  people,  as  shown  by  the 
past,  the  demand  for  sugar  in  the  future  in  this  country  is  sure  to  be 
progressive  and  extensive. 

Business  men,  farmers,  and  capitalists  need  not  apprehend  that  our 
insular  possessions  will,  under  any  conceivable  condition  of  things,  be 
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able  to  supply  this  country  with  an  excessive  amount  of  sugar.  With 
our  present  demand  and  the  growth  of  our  consumption  it  will  not  be 
possible  for  our  home  producers  and  those  of  the  islands  to  furnish  all 
the  sugar  we  shall  need.  It  must  be  borne  in  mind  that  the  available 
maxinmm  production  of  these  islands  is  practically  known,  ajs  well  as 
the  limits  which  thev  can  not  exceed.  For  the  remainder  we  will  be 
compelled  to  buy  sugars  that  come  into  our  market  from  abroad. 

The  following  statistics  are  compiled  from  an  article  in  the  Weekly 
Statistical  Sugar  Trade  Journal,  published  by  Willett  &  Gray.  These 
statistics  oflFer  some  very  valuable  information  on  the  amount  of  sugar 
consumed  in  this  country  and  the  growth  of  consumption: 

21>?w*  of  sugar  romunml  in  (he  Ihiited  States  in  1898,  1899,  and  19O0. 


Classflcation. 


1898. 


Net  importfl  of  foreign  aiign r '  1 ,  638, 987 

DomeHtic  cane  sugar 252, 812 

Domefltic  beet  8Ugar i  S4, 468 

Maple  sugar 6, 000 

Sugar  made  In  United  States  from  foreign  molatweM '  1, 700 


1899. 


1.8S9.6i2  , 

160.400 

62,826  I 

5,000  > 

5,200  I 


1900. 


1,960.014 

174. 4S0 

82,736 

5,000 

7,647 


•Tons  of  2,240  pounds. 
Cotmunption  of  sugar  in  the  United  States,  1881  to  1900, 


Year. 


1881 

188J 
188- 
1881 
188;'. 
188<: 
1887 
188." 
188y 
1890 
1891 
189-: 

189;- 

1891 

1895 

189* 

IHDT 

181> 

ISO" 

190 


ToUl 
amount  of 
sugar  con- 
sumed. 


T\ms.^ 
998,532 
,061.220 
,170,376 
,262,366 
,254.116 
.365,809 
.392,909 
,157,264 
,439,701 
,6S2,731 
,872,400 
,853,370 
.905,862 
.012,714 
.949.744 
,940,086 
,070,978 
,002,902 
,078.068 
,219,847 


Consimip- 
tionper 
capita. 


»  Ah  compared  Mrlth  the  previous  year. 


^Tons  of  2,240  pounds. 


Forces  which   ark    Educating  the   People  in   Regard   to   thb 

Beet-Sugar  Industry. 


In  this  report  1  have  thought  best  to  briefly  review  the  various 
forces  which  are  at  work  educating  the  people  of  all  classes  in  America 
regarding  the  benefits,  the  methods,  the  art  and  science  of  the  beet- 
sugar  indu.stry. 
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SYSTEMATIC   PROPAGANDA. 

In  keeping  with  the  public  interest  that  has  been  aroused  regarding 
thi.s  industry,  are  the  systematic  methods  of  propagating  ideas  touch- 
ing the  industry.  Public  meetings  have  been  held  in  many  localities 
during  the  past  year.  Meetings  of  this  kind  are  attended  by  the  busi- 
ness men  and  farmers  of  the  respective  localitias.  Speakers  well  quali- 
fied to  present  the  various  phases  of  the  subject  address  these  meetings. 
The  methods  of  planting,  cultivating,  and  harvesting  sugar  beets  are 
discussed;  also  the  conditions  and  requirements  necessary  to  the  estab- 
lishment of  a  sugar  factory,  along  with  the  cost  of  instituting  the  same. 

The  benefits  of  locating  such  an  industry  in  that  particular  locality 
are  outlined.  This  is  the  first  step  to  arouse  public  sentiment.  It  is 
made  pretty  clear  that  the  establishment  of  no  other  single  industry 
could. touch  so  intimately  all  phases  of  life  as  would  that  of  the 
sugar  industry.  It  is  shown  that  it  would  give  an  impetus  to  several 
other  industries,  such  as  stock  feeding  and  dairying.  It  is  also  shown 
that  the  production  of  sugar  beets  and  the  manufacture  of  the  same 
into  sugar  involves  an  expenditure  of  a  large  amount  of  capital;  that 
the  demand  for  labor  is  greatly  increased,  so  that  no  one  desiring 
employment  need  go  without  it;  that  it  increases  the  population  of  a 
district  and  stimulates  business  through  all  of  its  channels,  and  that  a 
condition  of  prosperity  prevails  wherever  this  enterprise  is  instituted. 

Other  meetings  follow,  out  of  which  crystallizes  an  effort  to  thor- 
oughly and  systematically  test  the  conditions  of  the  neighborhood  for 
growing  sugar  beets.  If  results  are  sufficiently  favorable,  an  effort  is 
made  to  enlist  the  attention  of  capital  to  the  extent  of  establishing  a 
beet-sugar  factory.  These  meetings  give  the  press  something  tangible 
to  present  to  the  reading  public,  and  before  long  farmers,  business 
men,  and  capitalists  are  all  more  or  less  con vi .iced  of  the  mutual  benefits 
that  might  be  derived  from  building  a  sugar  fac^tory. 

These  meetings  and  the  good  work  of  the  press  iLsually  result  in  the 
holding  of  a  convention  representing  a  large  area  or  district.  Experts 
and  experienced  beet-sugar  advocates  are  called  in,  and  the  claims  of 
this  industry  are  presented  in  a  methodical  and  systematic  manner. 
Capital  is  usually  represented.  The  final  result  is  that  a  company  is 
organized  and  the  factory  started.  Future  investigations  simply 
bor-ome  a  matter  of  future  experience  in  the  practical  opei^ations  of  a 
concern. 

FACTORIES   AS    EDUCATORS. 

The  education  of  the  jx^ople  on  this  subject  has  been  aided  by  the 
building  of  sugar  factories.  A  few  years  ago  the  existing  factories 
were  confined  to  a  few  localities.  Pei-sons  desiring  to  gain  practical 
information  concerning  the  operation  of  a  sugar  factory  or  the  raising 
of  the  beets  therefor  usually  had  to  make  long  and  expensive  trips  to 
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visit  such  factories.     With  the  building  of  new  factories  the  facilities 
for  gaining  such  information  have  greatly  improved. 

The  information  gained  by  the  farmer  who  is  seeking  light  on  the 
pi*actical  side  of  sugar-beet  growing  makes  a  much  deeper  impression 
on  his  mind  when  he  is  able  to  go  into  the  beet  fields  near  a  factory, 
examine  the  soils,  and  talk  to  the  farmers  who  produce  the  lieets. 
Here  he  learns  the  soil  and  moisture  requirements  of  beet^;  the 
methods  of  their  cultivation;  the  average  tonnage  per  acre  and  the 
market  price;  the  cost  of  production  and  the  profit  or  loss  involved; 
the  fax^^tor}'  requirements  regarding  the  beets;  and  many  other  impor- 
tant facts. 

Capitalists  and  business  men  have  the  same  open  field  for  investigat- 
ing their  side  of  the  proposition.  Business  men  discover  the  benefit* 
to  all  kinds  of  enterprises.  In  expending  the  money  to  build  a  factory 
large  amounts  of  materials  are  used  and  labor  is  demanded.  Most  of 
the  returns  in  monev  secured  by  the  factorv  for  sugar  manufat*tured 
is  spent  in  the  locality  or  district  for  crude  materials  or  some  form  of 
service.  This  is  true  with  all  of  the  receipts,  in  fact,  except  the  prof- 
its of  the  concern,  and  these  profits  stay  to  enhance  the  values  of  the 
district  if  the  concern  is  capitalized  by  actual  residents.  Capitalists, 
after  a  short  investigation,  are  enabled  to  formulate  correct  ideas  as  to 
the  cost  of  building  a  factory  and  the  profits  to  be  secured  from  it^t 
operation. 

There  can  be  no  question  as  to  the  material  value  of  this  source  of 
education.  The  owners  of  the  earlier  factories  are  to  be  commended 
for  their  liberality  in  devoting  time  and  effort  to  the  instruction  of  vis- 
iting committees  who  were  seeking  such  information.  1  have  never 
heard  of  a  bona  fide  investigating  committee  of  this  kind  to  whom  the 
factories  did  not  give  every  opportunity  to  gather  the  desired  facts. 

The  factories  are  not  only  interested  in  improving  the  conditions  and 
facilities  for  making  sugar,  but  they  are  also  interested  in  bettering 
the  methods  of  agriculture  by  which  sugar  beets  are  grown.  Every 
well-regulated  factory  has  what  it  terms  an  agriculturist.  It  is  his 
business  to  supervise  the  growing  of  all  the  beets  for  the  fac^tory,  and 
to  secure  the  contracts  from  the  farmers  for  the  same.  The  factorv 
must  know  that  it  is  to  have  sufficient  beets  to  carrv  it  throujrh  the 
campaign  and  that  these  beets  are  of  suitable  quality.  On  this  matter 
everything  depends. 

In  the  contracts  with  the  fanners  are  the  rules  and  rejjulations  srov- 
erning  the  treatment  in  growing  the  beets.  The  agriculturist  makes 
a  careful  study  of  the  best  soils  accessible  to  the  factory  and  makes  his 
conti'acts  accordingly.  He  inspects  and  directs  the  growmg  of  all  the 
beets  during  the  season,  and  issues  notice  to  the  farmers  when  to 
deliver  their  beets.  The  intimate  relation  which  the  factory  sustains 
to  the  fanner,  as  a  producer  of  its  raw  material,  is  one  of  the  beneficial 
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things  on  the  agricultural  side  of  the  question.  The  agriculturist  is 
selected  on  account  of  his  peculiar  fitness  and  proficiency.  He  is  a 
student  of  agriculture  and  an  observer  of  its  conditions.  He  is  a  great 
help  to  the  agricultural  communit}^ 

EXPERIENCE    AS   AN    EDUCATOR. 

In  harmon}'  with  the  confused  state  of  the  public  mind  in  the  begin- 
ning, is  the  lack  of  method  and  unorganized  eflFort  on  the  part  of  the 
management  of  new  factories.  In  most  instances  the  attempt  has  been 
made  to  organize  a  company,  build  a  factory,  and  put  it  into  operation 
within  a  year.  There  would  be  considerable  hazard  in  this  haste  even 
if  the  projectors  and  every bod}^  concerned,  including  the  beet  growers, 
had  had  experience  and  thoroughly  understood  their  business.  The 
bad  effects  of  this  hurry-up  method  become  all  the  more  apparent 
when  it  is  understood  that  most  of  these  companies  are  organized  and 
the  factories  are  built  by  men  who  know  absolutely  nothing  about  sugar 
making.  They  are  located  in  farming  districts  where  farmer's  know 
nothing  about  growing  sugar  beets  except  what  they  may  have  read  or 
heard.  They  are  absolutely  without  practical  experience.  And  yet 
they  are  called  upon  to  produce  a  crop  of  beets  while  the  factory  is 
building. 

The  difficulties  in  building  a  sugar  facto ly  are  so  many  and  call  for 
such  cxjnstant  attention  from  those  interested  that  they  find  their  time 
thoroughly  occupied.  They  have  no  time  to  give  to  the  growing  of 
the  crop  of  sugar  beets  upon  which  everything  depends  for  the  success 
of  the  factory  during  the  campaign.  I  have  known  those  interested  in 
building  a  factory  to  be  so  occupied  with  its  construction  that  they 
were  never  able  to  get  out  and  obseiTe  any  of  the  fields  of  beets  during 
the  growing  season.  They  did  not  know  whether  all  the  requirements 
had  been  cx)mplied  with  or  whether  none  of  them  had.  One  of  the 
managers  said  to  me:  '*'I  have  all  I  can  do  to  build  a  factory;  it  is  the 
farmers'  business  to  grow  the  beets."  There  was  no  one  delegated 
from  this  particular  factory  to  make  any  observations  of  the  crop  or 
offer  any  help  or  instinictions  to  the  farmers.  The  results  taught  the 
managers  of  this  factory,  before  they  had  finished  the  first  campaign, 
that  everything  depended  on  keeping  in  close  touch  with  the  farmers. 
This  was  an  extreme  case,  of  course,  but  it  must  be  apparent  that,  with 
the  amount  of  work  and  worry  required  to  build  a  factor}^  in  so  short 
a  spac«  of  time,  very  little  time  or  interest  can  be  devoted  to  the  crop 
out  of  which  the  sugar  must  be  made. 

Factories  usually  have,  and  always  should  have,  an  agriculturist  with 
a  competent  corps  of  assistants,  through  which  the  most  necessary  aid 
and  instruction  can  be  offered  to  the  farmers  constantly.  As  a  rule 
these  new  factories  start  in  depending  largely  on  their  skilled  employees 
for  information  on  all  the  lines  from  the  time  the  seed  is  planted  to 
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the  time  the  sugar  in  placed  on  the  market.  This  is  necessarily  the 
case.  Men  who  have  been  interested  in  other  lines  of  business  have 
put  their  money  into  the  concern.  The  farmers  have  been  gro^wing 
other  crops  whose  culture  is  entirely  unlike  that  of  sugar  beets.  For 
a  while  the  principal  thing  gained  by  those  connected  with  such  a  fac- 
tory as  this  is  experience.  This  is  one  of  the  most  necessary  features 
in  the  development  of  the  industry  in  this  country.  Unfoilunately  it 
is  something  that  requires  time,  but  as  the  work  goes  on  each  indi- 
vidual worker  becomes  more  experienced;  each  learns  to  depend  more 
on  his  own  resources,  and  learns  to  shorten  and  lighten  the  labor  which 
falls  to  him;  he  learns  better  methods,  originates  better  processes,  and 
becomes  an  artisan  in  so  far  as  the  scope  of  his  talents  and  op[)ortuni- 
ties  permits. 

The  man  who  has  ventured  his  money  in  the  enterprise,  and  who  is 
the  real  power  behind  it,  gradually  gathers  the  information  necessary 
to  enable  him  to  operate  a  sugar  factory.  He  learns  to  examine  and 
improve  the  machinery  and  the  processes  when  it  is  necessar}^  and 
he  learns  when  it  is  necessary;  he  becomes  a  student  of  the  operation 
of  the  concern  as  a  whole;  he  knows  where  to  economize,  and  where 
to  invest  for  the  purpose  of  economy. 

The  farmer  goes  through  the  same  course  of  practical  education. 
Every  3'ear  he  is  able  to  produce  beets  cheaper  and  better;  he  is  ena- 
bled through  experience  to  take  advantage  of  all  of  the  l)enefits  incident 
to  his  participating  in  this  industry;  he  will  finally  acquire  the  ability 
to  produce  the  most  beets  and  the  best  beets  for  the  least  money.  His 
first  experience  is  liable  to  be  discouraging.  His  tonnage  is  low,  the 
quality  of  his  beets  is  poor;  he  discovers  the  causes,  and  aims  at 
improvement  in  his  next  effort.  He  finally  becomes  master  of  the 
situation,  finally  discovers  there  is  a  vast  difference  between  trying 
and  knowing.  He  finds  he  has  worked  out  his  side  of  the  task;  he 
feels  competent  and  confident;  he  knows  that  it  is  a  profitable  field 
crop.  This  difference  between  the  results  of  an  inexperienced  farmer 
and  a  successful  one  through  experience  is  the  coeflicient  through 
which  we  determine  the  grand  total  of  success  by  using  as  a  factor 
the  total  number  of  farmers  engaged. 

At  the  Paris  Exposition  statistics  were  offered  in  the  German  depait- 
ment  to  show  that  Germany  had  been  enabled  to  decrease  her  cost  of 
production  of  sugar,  during  a  certain  definite  time,  25  per  cent. 

In  my  last  report  1  included  the  statistics  of  Germany  for  twenty-two 
years  to  show  how  she  had  gradually  grown  up  in  her  tonnage  per 
acre,  in  the  sugar  content  and  purity  of  the  beet,  and  in  the  amount 
of  sugar  produced  per  acre.  At  the  same  time  the  cost  of  production 
had  been  gradually  decreased.  These  are  all  impoilant  items  redound- 
ing to  the  benefit  of  the  farmer  through  experience. 

When  those  in  this  country  who  are  interested  in  this  industry  shall 
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have  attained  the  proficiency  which  can  come  only  through  experience, 
then,  and  then  only,  will  the  industry  be  established  under  its  best 
conditions.  This  must  be  borne  in  mind  in  making  our  estimate  of 
the  eventual  cost  of  producing  sugar  here.  When  comparing  our 
home  industry  with  that  of  any  other  country,  we  must  consider  that 
there  is  4  large  amount  of  slack  here  that  must  be  taken  up.  Another 
feature  that  we  are  entitled  to  consider  is  that  the  American,  as  a  rule, 
has  largely  excelled  artisans  of  other  countries  in  his  quicker  and  bet- 
ter methods,  in  his  ability  to  cheapen  processes  and  to  make  up  to  a 
large  extent  for  the  item  of  cheaper  labor  in  other  countries  by  his 
superior  artisan  ability.  This  has  been  demonstrated,  and  is  being 
demonstrated  every  day  in  the  manufacture  of  sugar.  The  tact,  inge- 
nuity, artisan  ability,  and  hustling  qualities  of  the  American  may  be 
counted  as  an  asset  in  favor  of  a  better  and  cheaper  production  of 
sugar.  These,  along  with  the  benefits  to  be  acquired  from  experi- 
ence, are  features  that  are  constant,  and  are  bound  to  affect  the  future 
of  sugar  manufacturing  in  this  country.  Until  such  a  time  as  we  can 
thoroughly  comprehend  and  calculate  the  effect  of  these  factors  we 
can  not  be  able  to  give  an  accurate  estimate  of  the  cost  of  home  pro- 
duction of  sugar. 

THE   EDUCATION   OF   IxABOR. 

The  question  of  high-priced  labor,  that  must  necessarily  enter  into  all 
our  estimates  of  cost  of  production,  necessitates  a  constant  vigilance 
in  the  point  of  quickening  and  cheapening  the  processes  of  manufac- 
ture. The  very  item  which  always  appeal's  to  our  disfavor  in  com- 
parison with  other  countries  offers  the  stimulus  for  closer  investigation 
and  for  final  favorable  effect.  Through  experience  we  are  educating 
our  workmen,  lessening  the  work,  removing  the  obstacles,  and  meet- 
ing the  problems  which  constantly  occur.  Each  campaign  brings 
forth  better,  easier,  and  cheaper  methods.  Each  new  campaign  is 
entered  upon  with  a  new  zeal  for  investigation  and  improvement. 

It  is  interesting  to  note  the  limited  amount  of  skilled  labor  with 
which  new  sugar  factories  begin  their  work.  In  the  beginning  con- 
siderable of  this  labor  had  to  be  brought  over  from  Europe.  There 
are  certain  places  in  a  sugar  factory  that  can  only  be  filled  by  work- 
men skilled  in  a  particular  feature  of  the  work. 

When  the  fires  are  built  and  the  machinery  is  started  in  motion,  the 
education  in  sugar  making  of  a  large  number  of  persons  begins.  This 
is  the  school  out  of  which  are  to  rise  competent  workmen  who  are  to 
fill  places  of  responsibility  requiring  previous  training.  Day  after 
day  the  unskilled  workmen  follow  through  the  details  of  their  special 
work  in  sugar  making,  under  the  supervision  of  the  skilled  workmen 
in  charge,  until  they  finally  become  adepts.  Each  worker,  from  the 
one  who  shovels  the  beets  into  the  irrigating  channel  for  conveyance 
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to  the  factory  to  the  one  who  watches  the  temperatures  and  consist- 
ency in  the  evaporators  and  lioilers,  daily  becomes  more  expert  in  his 
particular  part.  He  performs  the  operation  with  greater  ease  and 
greater  success  day  by  day.  His  education  and  his  expertness  area 
part  of  the  moans  of  bettering  and  cheapening  the  factory  operations. 
The  company  gradually  increases  the  capacity  of  its  factory,  remodels 
it^  equipment,  and  cheapens  the  cost  of  production,  until  finally  it 
reaches  its  maximum  of  efficiency  in  sugar  production. 

As  the  industry  grows  and  other  new  factories  are  built,  a  demand 
is  created  for  the  services  of  the  graduates  from  earlier  factories.  The 
new  factory  must  secure  a  quota  of  men  to  fill  positions  of  responsi- 
bility and  re<|uiring  skill.  This  is  the  opportunity  for  the  promotion 
of  the  workmen.  Othei-s  are  put  into  tmining  for  the  places  of  those 
who  go  out.  The  drain  is  not  permitted  to  impair  the  operations  of 
the  factory.  Young  men  are  carefully  selected  in  the  l>eginning  and 
carefully  trained.  Lender  our  system  of  popular  education,  the  sup- 
ply of  raw  material  from  which  to  select  these  workmen  is  peculiarly 
good  as  well  as  large. 

In  this  country  the  young  man  is  not  bound  by  any  decree  of  fate  or 
custom  to  follow  an}'  particular  occupation  because  his  ancestors  fol- 
lowed it.     Here  no  one  is  required  to  inherit  an  occupation,  but  every 
one  may  select  the  occupation  l>est  suited  to  his  inherited  or  a^'quired 
tastes  and  abilities.     To  this  facit  may  be  attributed  much  of  the  suc- 
cess attained  by  the  American  workmen.     The  factory  owners  are  able 
to  make  their  selections  from  young  men  who  see  in  this  industry  a 
calling  which  meets  their  peculiar  fitness,  tastes,  and  ambition.     They 
see  in  it  an  opportunit}-  for  promotion;  they  work  in  it  inspired  with 
the  ambition  of  being  future  managers  or  superintendents.     In  this 
countiy  such  a  thing  is  not  only  possible  but  quite  probable.     Our  col- 
leges of  agricultural  and  mechanic  arts  are  turning  out  a  large  supply 
of  young  men  educated  scientifically  and  pnu»tically.     These  institu- 
tions, with  their  thoroughly  equipped  laboratories,   are  furnishing 
abundant  material  for  the  needs  of  the  beet-sugar  factories. 

American-Made  Machinery  and  Implements. 

Along  with  the  progress  that  is  being  made  in  the  manufacture  of 
sugar  from  beets  in  America,  and  quite  consistent  with  American 
character,  is  to  ])e  noticed  the  alertness  of  our  machinery  and  imple- 
ment men.  From  the  beginning  the  manufacturers  of  factor\^  inai^hin- 
ery  gave  the  beet-sugar  factory  careful  study.  A  large  percentage  of 
the  factories  that  have  been  built  have  been  designed  and  the  equip- 
ment has  been  planned  by  American  architects  and  designers.  A  good 
percentage  of  the  machinery  in  the  factories  is  home  manufactured. 
There  is  probably  not  a  factoiy  in  this  country  that  does  not  possess 
more  or  less  of  the  American-made  and  American-designed  machinery. 
Many  of  them  are  so  equipped  throughout. 
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Where  must  of  the  trouble  has  arisen  on  trial  with  new  machinery 
the  same  has  turned  out  to  be  foreign  made;  and  it  is  a  further  very 
noticeable  incident  in  this  connection  that  where  the  machinery  has 
been  displaced  in  a  sugar  factory  for  the  purpose  of  obtaining  better 
results  it  has  been  largely  at  the  expense  of  the  foreign-made  machin- 
ery by  introducing  something  of  the  American  pattern.  Instances 
could  be  pointed  out  where  factories  were  built  no  later  than  last  year 
equipi^ed  with  the  latest  foreign-made  machinery,  which  was  later  torn 
out  and  replaced  by  American-made  mat^hinery  at  an  expenditure 
reaching  from  *50,(>00  to  $1()0,0()0. 

We  can  confident Iv  look  to  the  future  career  of  the  American  man- 
ufacturer  for  the  new  era  in  beet-sugar  machinery.  The  sauie  may  be 
said  in  reference  to  agricultui-al  implements  for  seeding,  cultivating, 
and  harvesting  the  beet  crop.  From  the  beginning  the  maimfacturers 
of  farming  implements  gave  this  subject  careful  atttMition  and  study. 
Experts  were  sent  into  the  fields  and  implements  were  designed  and 
put  into  use  to  meet  the  peculiar  features  of  agriculture  in  the  various 
sections.  Results  were  carefully  wati^hed,  implements  were  improved 
to  meet  obstacles  encountered.  The  noticeable  feature  that  appears 
in  comparison  with  foreign-made  mac^hinery  is  that  the  American  arti- 
cle is  not  nearly  so  cumbersome.  It  aims  to  accomplish  the  same 
i-esults  without  so  much  lal)orious  effort  bv  man  and  horse.  It  is 
probable  that  the  expense  to  the  manufacturer  of  implements  has 
been  more  than  the  profits  he  has  derived.  With  true  American 
enterprise  he  has  anticipatc^d  the  fact  that  this  industry  is  to  be  estab- 
lished on  a  sure  and  extensive  basis.  His  reward  will  come  in  the 
demand  for  this  class  of  agricultui-al  implements  which^s  bound  to 
come  in  the  near  future. 

Constant  progress  has  marked  the  history  of  this  industry.  In  no 
other  field  of  mechanics  and  agriculture  have  improvements  been  so 
pronounced.  Its  introduction  into  the  United  States  is  the  beginning 
of  a  new  era  of  discoveries  and  improvements.  I  will  suggest  some  of 
th(»  problems  that  are  to  be  worked  out  in  its  inauguration  here: 

It  is  patent  to  everyont*  that  the  seeding  and  harvesting  implements 
hitherto  used  have  not  been  well  adapted  to  saving  time,  labor,  and 
expense  in  doing  the  work  for  which  they  were  designed.  For 
instance,  20  pounds  of  seed  per  acre  are  required  in  order  to  insure  a 
crop.  These  seeds  are  sown  continuously  from  one-half  to  an  inch 
apart  in  a  row.  After  the  plants  are  up  and  when  th(»y  possess  three 
or  four  leaves  most  of  them  are  cut  out,  leaving  the  remainder  in 
bunches  from  8  to  12  inches  apart.  If  some  successful  plan  could  be 
ari-anged  for  planting  them  in  bunches  in  the  beginning  it  would  do 
away  with  the  lalwr  of  bunching  and  save  at  least  two- thirds  of  the 
seed.  This  would  save  at  least  ifl.t>o  per  acre  for  seed  alone,  in  addi- 
tion to  the  cost  of  bunching,  which  would  probably  be  umch   more. 
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Specially  designed  seeders  have   been  offered  to  accomplish    th€«e 
results. 

The  implements  for  harvesting  that  have  been  in  use  hitherto  simply 
loosen  the  beets,  leaving  the  rest  of  the  labor  to  be  performed  by  hand. 
The  beets  must  be  topped  by  a  laborer  picking  them  up  one  at  a  time 
and  giving  a  stroke  of  the  knife  to  remove  that  part  of  the  crown  above 
the  sun  line  along  with  the  leaves.  The  beets  are  then  usually  thrown 
in  piles  and  afterwards  thrown  into  sacks,  which  are  conveyed  in  wagons 
to  the  railroad  car  or  factory. 

Harvesting  implements  have  been  designed  not  only  to  loosen  the 
beets,  but  to  remove  the  tops,  shake  off  the  dirt,  and  to  throw  the 
beets  into  wagons  as  the  machine  proceeds.  I  am  unable  at  this  time 
to  give  a  definite  statement  as  to  whether  or  not  those  machines  are 
effective  in  doing  the  work  properly  and  in  lessening  the  cast  of  labor. 
Neither  am  I  able  to  state  at  this  time  whether  or  not  the  planter 
described  above  is  a  success;  but  I  believe  that  experience  and  trid 
will  eventually  lead  to  the  saving  of  time  and  expense  along  the  lines 
indicated. 

Superintendents  and  managers  of  factories  are  giving  special  study 
to  the  details  in  the  process  of  manufacturing  sugar  with  a  view  to 
eliminating  cumbersome  methods  and  introducing  effective  ones.  The 
operation  of  each  piece  of  machinery  is  given  attention,  and  new  designs 
are  introduced  when  it  is  thought  the  processes  can  be  bettered.  There 
is  scarcely  a  manufacturing  company  that  is  not  working  out  some 
peculiar  feature  of  machinery  or  operation  which  has  been  suggested 
by  experience.  Some  of  these  new  features  are  made  known;  others 
are  kept  setret. 

Bounties  and  Other  Methods  of  Promoting  the  Industry. 

Under  this  head  attention  is  first  called  to  the  action  of  legislaturee 
and  courts  in  various  States  regarding  State  bounties.  Promotion  by 
bonuses  and  exemption  from  taxation  by  municipalities  are  then  briefly 
discussed. 

BOUNTY   legislation. 

Since  my  last  report  some  of  the  State  courtji  have  taken  definite 
action  touching  the  bounty  system.  This  is  a  method  of  encourage- 
ment devised  for  the  purpose  of  stimulating  the  introduction  of  the 
sugar  industry  and  attracting  the  attention  of  capitalists. 

The  States  that  have  already  paid  bounties  for  the  manufacture  (rf 
sugar  are  New  York,  Michigan,  and  Minnesota. 

The  legislature  of  Illinois  passed  the  bounty  law  offering  1  cent  a 
pound  on  all  high-grade  refined  sugar  manufactui*ed,  on  condition  that 
the  factories  pay  $5  per  ton  to  the  farmers  for  the  beets.  The  gov- 
ernor vetoed  the  bill. 

Some  years  ago  Nebraska  passed  a  bounty  law  devised  to  encourage 
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farmers  and  manufacturers;  the  following  legislature  refused  to  make 
the  appropriation  necessary  to  carry  out  the  enactment,  and  the  law 
was  finally  repealed. 

In  Minnesota  the  legislature  passed  the  lH>unty  law  offering  1  cent 
per  pound  for  all  sugar  manufactured  in  the  State,  and  limited  the 
expenditure  in  this  direction  to  $40,000,  distributing  this  amount  pro 
rata  among  the  factories  earning  the  same.  The  bill  was  vetoed  by 
the  governor,  but  was  passed  over  his  veto  and  became  a  law  of  the 
State. 

Other  States  in  which  factories  are  not  yet  established  have  bounty 
laws  on  their  statute  books.  South  Dakota,  for  instance,  offers  a 
bounty  of  1  cent  per  pound.  In  Iowa  the  legislature  passed  an  enact- 
ment remitting  the  taxes  on  all  investments  in  sugar  factories  for  a 
a  period  of  ten  years.  In  the  State  of  Washington,  where  a  factory  is 
located  at  Spokane,  1  cent  a  pound  Ls  offered  for  all  sugar  manufac- 
tured. The  total  amount  is  limited  to  $50,0(J0.  The  operation  of  the 
law  Ls  limited  to  a  period  of  three  years,  and  to  factories  which  shall 
be  completed  prior  to  Noveml>er  1,  1901. 

Michigan  has  been  the  storm  center  of  the  objection  to  this  l>ounty 
system.  This  probably  grew  out  of  the  fact  that  nine  factories  were 
put  in  operation  in  Michigan  in  the  short  spac^e  of  two  years.  The 
legitimate  claims  of  these  factori(\s  under  the  law  seemed  an  enormous 
drain  upon  the  State  treasury.  Under  the  terms  of  the  law  it  was 
provided  that  factories  were  to  receive  1  cent  per  pound  for  all  sugar 
manufactured.  The  act  appropriated  ^10,000  for  the  pa3'ment  of  the 
bounty  and  provided  that  any  excess  above  that  should  be  paid  out  of 
the  general  fund  by  warrants  drawn  against  the  same.  The  first  factory 
built  in  the  State  was  that  of  the  Michigan  Sugar  Company,  which 
drew  the  bounty  for  the  fii*st  year,  1898,  absorbing  the  $10,000,  and 
then  put  in  a  claim  for  the  balance  from  the  general  fund  according  to 
the  law.  Eight  other  factories  were  constructed  and  j)ut  into  operation 
for  the  ciimpaign  of  1899.  These  nine  fat^tories  produced  83,150,873 
pounds  of  sugar,  and  under  the  terais  of  this  law  were  entitled  to 
1331,508.73. 

The  people  of  the  State  were  confronte.d  with  an  enormous  drain 
upon  their  State  treasury.  These  factories  operating  for  the  first  year 
were  late  in  beginning.  They  were  in  the  experimental  stage;  they 
wrere  working  on  the  first  crop  of  beets  ever  produced  by  Michigan 
farmers.  Owing  to  all  these  causes  it  is  probable  that  the  factories 
iid  not  produce  sugar  equal  to  half  their  capacity.  Thus  if  no  addi- 
tional factories  were  built,  the  demands  on  the  State  treasury  might 
reach  something  like  <f700,000.  The  following  legislature  undertook 
to  amend  the  law  by  inserting  one-half  cent  per  pound  instead  of  1 
C5ent,  as  under  the  old  law;  the  governor  had  insisted  in  his  message 
that  there  should  be  a  clause  limiting  the  maximum  amount  that  could 
be  paid  to  any  one  factory  to  $25,000.     The  legislature  refused  to  take 
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this  view  of  ttie  case,  and  the  governor  vetoed  the  bill.  This  left  the 
old  law  in  force.  The  attorney-general  rendered  an  opinion  that 
warrants  could  not  be  drawn  on  the  treasury  for  this  purpose;  that 
the  object  wan  not  one  for  which  a  tax  could  properly  be  levied.  The 
sugar  factories  insisted  upon  their  right  under  the  law.  The  matter 
was  carried  through  the  courts  and  finally  it  was  decided  bj^  the 
Supreme  Court  that  the  law  was  unconstitutional  and  the  attorney- 
general's  opinion  was  sustained. 

The  States  of  New  York  and  Minnesota  are  continuing  to  pa^'  boun- 
ties and  to  encourage  the  industry  in  this  way.  It  is  usual  for  States 
offering  bounties  to  require  that  factories  pay  an  additional  amount 
for  beets,  usually  $i  a  ton  over  and  above  the  ordinary  market  price. 

Is  there  any  actual  necessity  for  the  offering  of  a  bounty  ?  There  is 
sufficient  profit  in  the  investment,  where  right  conditions  prevail, 
without  this  additional  encouragement.  The  offering  of  a  bounty  has 
more  or  less  of  a  tendencv  to  stimulate  the  location  of  a  factorv^  where 
the  same  might  not  have  gone  had  everything  depended  upon  the 
natural  advantages.  The  future  of  this  industry  depends  largely  on 
the  location  of  factories  in  places  where  they  can  be  sustained  upon 
the  natural  resources.  If  all  the  States  keep  their  hands  off  in  this 
matter,  the  first  factories  will  go  to  places  showing  the  l>est  conditions 
for  maintaining  them.  One  failure  will  do  more  to  discourage  than 
many  successes  can  do  to  encourage  the  industry.  If  any  encourage- 
ment is  to  be  offered,  it  should  be  done  by  the  General  Government, 
so  that  factories  shall  be  left  free  to  seek  the  places  presenting  the  best 
facilities  and  natural  inducements. 

It  certainly  appears  to  be  a  hardship  that  a  factory  should  be  con- 
structed in  any  particular  State  under  the  implied  contract  that  said 
State  will  pa}-  a  bounty  for  a  certain  period,  and  then,  when  the  factory 
shall  have  been  built  and  the  investors  money  is  tied  up,  the  State 
should  fail  to  keep  its  agreement.  In  the  case  of  the  State  of  Michi- 
gan much  of  the  capital  now  invested  in  the  sugar  industry  had  been 
already  organized  and  employed  in  other  lines.  The  timber  resources 
of  the  State  were  failing.  In  many  large  centers  of  the  lumber  indus- 
try the  mills  had  closed  for  want  of  material  to  work  upon;  the  fires 
were  out  and  the  capital  was  idle;  the  capitalists  were  looking  around 
for  something  else  to  introduce  in  the  place  of  their  waning  lumber 
industry.  The  State  came  forward  and  offered  encouragement  in  the 
way  of  bounty  on  beet  sugar.  Factories  were  built  immediately,  expect- 
ing to  participate  in  this  Sttite  bounty.  It  was  believed  by  investors 
that  by  the  time  this  bounty  expired  by  limitation  the  factories  would 
be  so  thoroughly  installed  that  they  would  be  able  to  continue  success- 
fully without  it.  Under  the  court's  decision  they  will  of  necessity 
have  to  succeed  without  it,  if  at  all.  This  should  have  been  the  under- 
standing in  the  start. 
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BONUSES  AND  EXEMPTIONS. 

The  promotion  of  this  industry  is  attempted  through  a  great  many 
plans,  ways,  means,  and,  in  some  instances,  "schemes."  The  method 
adopted  by  those  imbued  with  public  interest  or  local  pride  has  already 
been  presented.  Most  of  those  participating  in  public  meetings  and 
conventions,  as  well  as  those  who  write  and  lecture,  are  imbued  with 
the  idea  that  the  industry  would  benefit  the  community  as  a  whole. 
Such  pei-sons  are  working  simply  for  the  public  weal. 

There  are  persons  of  another  class  who  help  to  stimulate  local  inter- 
est and  organization  because  they  would  like  to  be  connected  in  a 
practical  way  with  the  industry  by  investing  capital  and  participating 
in  the  organization  of  the  concern.  Architects  and  designers  of  fac- 
tory machinery  also  assist  in  the  promotion  and  stimulation  of  local 
action  and  the  investment  of  capital.  The  work  of  these  classes 
usually  promotes  the  industry  in  a  legitimate  way. 

There  is  still  another  class  of  promoters  whose  operations  are  more 
confusing  than  beneficial.  This  is  a  class  of  men  who  assume  to  be 
experts  on  the  subject  of  this  industry,  and  usually  claim  to  represent 
large  amounts  of  capital,  which  is  not  apparent.  They  go  into  a  com- 
munity, agitate  the  question,  hold  public  meetings,  and  arouse  public 
sentiment,  by  giving  the  impression  that  they  have  unlimited  capital 
behind  them,  and  that  they  are  on  the  eve  of  starting  a  sugar  factory 
in  the  community.  When  pu}>lic  sentiment  is  aroused  to  a  sufficient 
pitch,  they  make  a  proposition  that  if  a  certain  >)onus  shall  be  paid  by 
the  community — usually  so  much  land,  and  so  much  in  money,  run- 
ning up  into  the  thousands  of  dollars — they  will  secure  the  capital  for 
starting  a  factor}-.  Then,  perhaps,  the  city  authorities  meet,  remit 
the  taxes,  gi*ant  franchises,  and  guarantee  privileges.  The  people 
organize,  raise  funds  to  buy  the  land,  and  to  pay  the  extra  in  cash. 
Sometimes  it  is  stipulated  that  the  local  conmmnity  is  to  subscribe  for 
a  certain  percentage  of  the  stock.  Sometimes  it  is  required  that  the 
farmers  shall  subscribe  for  a  considerable  amount  of  stock  and  pay 
for  the  same  in  beets,  so  nmch  each  year.  The  loc^al  organization  is 
required  to  secure  contracts  for  so  many  thousand  acres  of  beets  for 
the  factory.  In  many  instances  this  is  purely  the  work  of  bonus 
hunters  with  nothing  back  of  them.  They  take  the  contra^^-ts  from 
the  fanners,  the  offer  of  a  bonus  in  land  and  money,  the  franchises, 
privileges,  the  remission  of  taxes  granted  by  the  city,  and  start  out  to 
hunt  up  some  capitalists  who  will  take  this  job  lot  of  public  gratuities 
and  give  in  return  a  good  round  sum,  and  ix)ssibly  a  position  in  the 
local  organization. 

It  is  not  charged  by  the  writer  that  all  the  promoters  who  travel 
around  investigating  conditions  and  interesting  local  communities  are 
doing  so  without  any  definite  means  of  accomplishing  what  they  pre- 
tend.    But  it  is  asserted  that  this  is  true  in  many  cases.     In  cases 


22  PROGRESS   OF  BEET-SUOAR  INDUSTRY,  1900. 

where  a  community  is  once  '^  taken  in  "  thus,  it  is  hard  to  arouse  them 
again  to  the  poirt  of  considering  a  really  meritorious  propositioa 
where  it  is  legitimate  and  bona  fide. 

When  propositions  are  made  by  promoters,  local  communities,  before 
they  give  up  their  time  and  energy  and  involve  the  public  in  consider- 
ation of  the  project,  should  first  demand  definite  credentials.  The 
promoter  should  show  that  he  is  able  to  carry  out  his  side  of  the  deal 
when  the  community  shall  have  met  the  conditions  proposed.  The 
writer  can  not  refrain,  in  this  connection,  from  stating  his  belief  that 
any  considerable  amount  of  bonus  is  entirely  unneceasary.  The  oflfer- 
ing  of  franchises  and  privileges  and  the  remission  of  taxes  do  not  seem 
to  be  objectionable,  provided  the  community  or  municipality  does  not 
find  it  burdensome.  The  prospect  of  success  in  the  proposed  enter- 
prise should  b3  suflicient  to  induce  the  investment  of  capital  without 
the  additional  encouragement  of  a  bonus.  It  may  be  that  concessions 
of  a  certain  amount  of  land  would  not  be  burdensome,  but  the  com- 
munit}'  should  never  be  called  upon  to  pay  a  large  free  cash  sub- 
scription. 

The  question  of  local  subscriptions  for  stock  is  another  matter,  sim- 
ply a  business  proposition,  provided  such  stock  entitles  its  holders  to 
participate  in  every  way  on  an  equality  with  all  other  shai-e  holders. 
This  is  a  method  of  encouragement  that  may  be  recommended  as  wise 
and  safe,  provided  conditions  justify  the  belief  that  the  sugar  factory 
will  be  a  paying  enterprise. 

If  the  entire  amount  of  capital  could  be  secured  in  the  community, 
ideal  conditions  would  prevail  so  far  as  capitalization  is  concerned. 
This  would  combine  the  entire  influence  of  those  int(M-ested  in  the  suc- 
cess of  the  concern,  and  produce  united  energetic  effort.  This,  how- 
ever, is  not  possible  in  man}'  instances,  and  a  factory  need  not  fail  of 
building  on  that  account. 

Sugar-Beet  Seed. 

The  growing  of  sugar-beet  seed  is  an  intricate  process  if  the  best 
results  are  to  be  obtained.  No  novice  should  engage  in  this  enterprise^ 
The  sugar-producing  quality  of  the  beet  has  been  built  up  through 
long  years  of  careful  study  and  work.  It  is  the  result  of  scientific 
breeding  and  selection.  When  the  manufacture  of  sugar  from  the 
sugar  beets  began,  they  were  considered  of  good  quality  if  they  pos- 
sessed a  sugar  (content  of  6  to  8  per  cent.  At  the  present  time  the 
usual  requirements  for  factor}'  purposes  is  that  sugar  beets  shall  con- 
tain at  least  12  per  cent  in  sugar  with  a  coefficient  of  purity  of  80.  All 
the  localities  now  growing  sugar  beets  for  factory  use  in  this  country 
will  show  an  average  over  these  requirements.  In  some  of  the  regions 
of  California,  notably  the  southern  part,  the  averages  are  maintiiiued 
as  high  as  16  per  cent  throughout  the  campaign.     It  quite  often  hap- 
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pens  in  cases  of  individual  beets,  especially  where  they  are  grown  for 
experimental  purposes,  that  they  will  run  as  high  as  24  per  cent  sugar. 
This  increase  in  the  sugar  content  in  the  beet  has  come  about  in  no 
haphazard  way.  It  is  purely  the  result  of  skillful  effort  and  scientific 
direction. 

Only  those  beets  were  selected  as  "  mothers"  for  growing  the  seed 
which  showed  a  high  sugar  content  and  coefficient  of  purity.  The 
seeds  grown  from  these  beets  were  planted,  and  from  the  resulting 
crop  beets  were  selected  that  showed  the  same  high  qualities,  and  seeds 
from  these  were  planted  for  a  third  crop.  This  process  was  continued 
through  a  series  of  five  vears  before  the  seed  was  considered  fit  to 
place  on  the  market. 

HOME   PRODUCTION   OF   SEED. 

it  is  gratifying  to  know  that  the  industry  of  producing  sugar-beet 
seed  in  this  country  is  growing  quite  rapidly.  It  was  early  learned 
that  the  seed  question  was  of  considerable  importance.  When  the 
industry  started,  and  for  some  years  thereafter,  all  the  seed  used  was 
imported,  mainly  from  Germany  and  France.  Every  year  now  adds 
largely  to  the  home  production  of  this  commodity. 

We  have  thirty-two  factories  in  operation  in  this  country,  most  of 
which  are  of  large  capacity;  others  are  constantly  building;  we  pos- 
sess the  largest  factory  in  the  world,  and  others  that  will  compare 
favorably  with  the  largest  in  Europe.  It  is  entirely  competent,  in 
view  of  this  fine  start  in  the  installing  of  this  industry,  that  we  should 
grow  our  own  seed. 

It  is  important,  however,  that  those  who  undertake  this  task  should 
be  fully  aware  of  the  seriousness  of  the  undertaking.  The  sugar  beet 
of  high  sugar-producing  quality  was  developed  by  exactly  the  same 
methods  as  the  Jersey  cow  or  the  high-bred  horse.  It  can  be  readily 
seen  that  a  system  like  this  requires  careful  attention,  scientific  knowl- 
edge, and  expert  direction.  Not  every  seed  grower  could  produce 
good  sugar-beet  seed,  as  is  done  in  the  case  of  other  vegetables.  He 
must  first  equip  himself  with  the  knowledge  and  with  the  facilities  in 
the  form  of  a  laboi'atory  and  apparatus,  which  are  necessary  and 
expensive,  in  order  to  successfully  carry  on  this  enterprise.  The  beets 
must  be  kept  up  to  the  same  high  standard  that  has  been  maintained 
by  the  growers  in  Europe.  When  a  farmer  secures  his  seed  from  the 
producer  in  this  country  he  must  have  the  same  assurance  that  they 
possess  the  quality.  The  value  of  his  crop  depends  upon  the  sugar- 
producing  qualities  of  the  seed.  The  sugar  manufacturer  is  also  inter- 
ested in  the  quality  of  the  seed,  because  his  success  in  making  sugar 
from  the  beets  depends  to  a  large  extent  on  the  available  sugar  in  the 
beet  and  the  purity  of  the  juice.  These  are  qualities  inherent  in  the 
seed.     Breeding  and  selection  nmst  be  strictl}^  obseiTed.     The  time 
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that  has  elapsed  since  sugar  beets  have  been  brought  into  requisition 
for  producing  sugar  is  relatively  short  compared  \.ith  the  time  required 
to  iix  a  habit  or  tendency  in  the  nature  of  a  plant. 

The  business  of  produiung  sugar-lieet  seed  is  the  work  of  a  specialist 
and  not  that  of  a  common  seed  grower.  If  the  methods  here  outlined 
are  observed,  the  time  is  ripe  and  the  opportunity  is  inviting  for  home 
production  of  seed.  There  will  be  a  constant  and  a  growing*  demand 
for  this  pnxluct.  There  is  no  reason  why  the  homo  product  should 
not  ]>e  equal  or  even  superior  in  quality  to  the  foreign  seed.  It  would 
certainly  inure  to  the  benefit  of  the  beets  if  they  could  grow  under  the 
same  conditions  as  affected  the  life  and  growth  of  their  progenitors. 

INSPECTION    OF   IMPORTED   SEED. 

So  long  as  we  are  compelled  to  secure  a  considerable  amount  of  our 
beet  seed  from  Europe,  some  system  ought  to  be  devised  for  examin- 
ing and  testing  the  same.  The  Government  has  been  giving  careful 
attention  to  the  importation  of  fruit  trees,  scions,  etc.,  in  order  to 
keep  out  the  infection  of  diseases  and  insects.  It  seems  that  some 
scheme  should  ])o  devised  for  inspecting  our  importations  of  beet  seed. 
While  the  consumer  should  be  left  free  to  import  such  varieties  as  he 
may  deem  advisable,  yet  those  importiitions  should  pass  through  the 
hands  of  a  competent  inspector.  This  system  would  have  a  very  salient 
effect  on  the  quality  of  the  seed  brought  into  the  country.  The  very 
fact  that  the  seed  has  to  pass  through  inspection  would  have  a  ten- 
dency to  eliminate  a  large  part  of  the  poor  seed  from  the  original 
shipment. 

The  things  most  important  to  be  secured  by  inspection  would  be 
(1)  the  qualit\'  of  the  seed  for  producing  high-grade  beets;  (2)  the  vital 
or  germinating  power  of  the  seed;  (8)  the  cleanliness  or  freedom  of 
the  seed  from  obnoxious  grass  or  weed  seed. 

The  Molasses  Problem. 

Molasses  is  a  by-product  of  the  beet-sugar  factory  that  has  given  the 
management  considerable  concern  and  avast  amount  of  study  in  the  past. 
About  all  that  can  be  said  of  it  at  the  present  time  is  that  it  can  }>e  classed 
largely  as  one  of  the  wastes  of  the  factory,  and  one  of  no  inconsider- 
able moment.  It  contains  the  sugar  which  it  hjis  not  been  possible  to 
separate  from  the  other  elements  contained  in  the  beet  juice.  Sugar 
beets  often  show  as  high  as  16  per  cent  of  sugar  on  the  average;  but 
it  is  not  possible  to  secure  more  than  12  per  cent  in  sugar.  Indeed  it 
is  good  work  if  a  factory  can  secure  10  per  cent  of  granulated  mar- 
ketable sugar.  The  balance  of  the  sugar  originally  in  the  beet  is  to 
be  found  largely  in  the  molasses. 

The  molasses  also  contains  the  salts  and  impurities  originally  in  the 
beet.  It  is  of  a  thick  consistency,  black,  bitter,  and  very  unpalatable. 
It  is  a  matter  of  c()nsidera})le  importance  to  the  factory,  however,  in 
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that  it  represents  so  much  waste  of  time  and  product.  Here  is  an 
inviting  field  for  investigation  and  study  for  the  man  who  desires  to 
make  himself  famous  as  well  as  useful.  How  can  this  item  of  waste 
in  the  molasses  be  eliminated  ^  How  can  the  sugar  he  gotten  out  of  it? 
By  what  process  can  this  be  done  without  the  expense  eating  up  the 
profits  i  If  the  sugar  ciin  not  be  gotten  out,  how  can  the  molasses  be 
made  a  valuable  by-product?  If  it  can  not  be  made  useful  directly, 
how  can  it  be  made  a  i*aw  material  in  the  manufacture  of  some  other 
useful  commodity^  In  these  questions  is  involved  one  of  the  leading 
problems  of  the  sugar  makers.  The  opportunity  exists  for  materially 
cheapening  the  process  of  making  sugar  and  increasing  the  output 
fix>ni  a  given  amount  of  beets,  provided  this  sugar  can  )>e  secured. 
Considerable  has  been  accomplished  in  this  direction.  It  has  been 
done  largely  through  introducing  more  effectives  methods  in  securing 
the  .sugar  from  the  beets.  It  has  been  done  by  taking  the  molasses 
after  one  process  is  completed  and  beginning  on  it  with  an  entirely 
new  process.  Of  these  different  processes  we  have  the  Steffi n,  the 
osmose,  the  cr3^stallization-in-motion,  and  others.  Nevertheless  it 
remains  a  fact  that,  with  any  and  all  these  methods,  the  factories  have 
a  larg'e  amount  of  molasses  to  dispose  of  in  some  manner. 

It  is  quite  common  to  hear  that  at  some  particular  factory  this 
problem  is  handled  quite  successfully.  Such  reports  are  heard  only 
at  a  distance  from  the  factory.  This  great  saving  vanishes  as  the  fac- 
tory and  the  facts  are  approached.  This  handling  of  molasses  is  the 
will-o'-the-wisp  of  the  8ugp.r  business.  It  is  the  mii-age  that  always 
disappears  on  investigation.  No  doubt  most  of  the  sugar  has  been 
exti'acted  from  the  molasse^s  at  some  of  the  factories,  but  it  has  been 
done  at  such  an  expense  that  it  is  probably  not  profitable. 

The  molasses  has  been  turned  to  account  in  a  great  many  ways. 
Methods  have  been  devised  for  distilling  alcohol,  and  this  might  suc- 
ceed and  be  profitable  were  it  not  for  the  internal  revenue  which  the 
distiller  of  alcohols  and  high  wines  must  pay  in  this  country.  It  has 
been  used  as  a  material  for  making  shoe  blacking,  and  other  things. 
It  has  been  mixed  with  the  pulp  in  certiin  quantities  for  feeding  to  stock. 
In  foreign  countries  it  has  been  mixed  with  the  pulp  and  dried,  and 
this  product  has  been  shipped  out  as  is  oil  cake  in  this  country. 
Owing  to  its  tendency  to  physic  animals,  it  can  constitute  only  a  cer- 
tain portion  of  the  ration.  Probably  the  best  that  can  be  said  con- 
cerning the  usefulness  of  molasses  is  that  it  can  ])ro])ably  be  us(hI  to  a 
certain  advantige  in  feeding  it  with  pulp. 

Conveyance  of  .Iuioe  in  Pipes. 

There  is  a  limit  to  the  distance  at  which  it  is  profitable  or  desirable 
to  deliver  beets  to  the  factories  by  means  of  wagons.  This  distance 
is  governed  by  the  kind  of  road  over  which  these  beets  are  to  be  con- 
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veyed.  Provided  the  roads  are  such  that  two  and  a  half  to  three  ton? 
may  be  delivered  readily  with  a  four-horse  team,  the  distance  in  gen- 
erally placed  at  10  or  13  miles.  Any  beets  produced  beyond  this  limit 
should  be  taken  to  the  railroad  station  and  delivered  to  the  facton'  in 
cars.  The  limit  for  profitable  delivery  of  beets  by  means  of  railroads 
is  generally  placed  at  from  50  to  75  miles.  This  depends  upon  the 
freight  rate  charged  by  the  road  for  this  kind  of  freight.  The  fiac- 
tory  management  usually  makes  an  endeavor  to  get  the  rate  down  &$ 
much  as  possible.  It  takes  the  matter  up  early  with  the  road  aod 
uses  the  location  of  the  factory  on  the  particular  road  as  a  leverage 
for  securing  a  contracit  with  the  road  governing  the  cost  of  freight 

Even  the  facilities  of  railroads  for  furnishing  beets  from  the  sur- 
rounding territory  are  limited.  Outside  of  the  wagon  limiti^,  and  the 
strips  of  land  bordering  the  railroad  each  way  for  50  to  75  miles,  the 
farming  lands  are  unavailable.  Even  were  it  possible  to  raise  suffieieot 
beets  in  the  territory  indicated,  difiiculties  often  arise,  crippling  the 
work  of  the  factory.  Washouts  often  occur,  delaying  the  beets;  the 
beet  crop  matures  and  is  ready  for  delivery  at  a  time  when  much  other 
fami  produce  is  also  calling  for  transportation;  cars  become  scarce, 
and  the  fa(?torv  becomes  hampered  in  its  supply  of  beets;  sometime?^ 
it  is  compelled  to  shut  down  until  the  sheds  are  filled.  All  this  i^ 
unfortunate^-  and  expensive  to  the  factory. 

A  system  has  been  devised  for  delivering  the  juice  instead  of  the 
beets.  This  is  accomplished  by  means  of  a  pipe  line  laid  in  the  ground 
at  a  sufficient  depth.  This  pipe  line  is  of  steel  capable  of  standing 
high  pressure.  In  different  directions  from  the  factory,  slicing  sta- 
tions or  plants  are  established.  These  pjants  are  auxiliaries  to  the 
main  factory;  they  are  equipped  with  sheds  and  all  the  outer  equip- 
ment for  a  factorv  in  addition  to  the  beet  slicers  and  the  diffusion 
cells  for  extracting  the  juice.  They  also  have  heating  facilities  and 
limers  for  the  purpose  of  preparing  the  juice  for  transportation.  The 
juice  is  forced  through  the  pipe  line  by  means  of  pumps  (possibly  bv 
gmvitv)  to  the  main  factory.  Here  the  juice  is  treated  exactly  the 
same  as  that  extracted  from  the  beet  in  the  main  factory  itself.  This 
method  has  been  tried  in  Europe,  and  there  is  more  or  less  conflict  of 
opinion  as  to  the  results.  It  is  being  extensively  and  successfully 
tried  by  the  Utah  Sugar  Company,  located  at  Lehi,  Utah.  This  fac- 
tory is  under  the  management  of  Thomas  R.  Cutler.  It  wa8  through 
his  investigations  of  this  method  in  Europe  and  his  representations  to 
the  management  that  this  system  was  introduced.  We  quote  some  of 
the  things  he  has  to  say  on  that  subject: 

Last  year  we  enlarged  the  eeiitral  factory  at  Lehi  and  put  in  an  auxiliary  plant  at 
Springville,  22  miles  south  of  Lehi,  and  another  one  at  Bingham  Junction,  19  mil® 
north  of  Lehi,  giving  us  a  double  pipe  line  of  41  miles.  We  understand  that  we 
have  the  longest  pij)e  line  for  beet  juice  in  the  world,  22  miles  in  length  from  Spring- 
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ville.  We  also  trebled  the  capacity  at  Ijehi  so  that  we  could  work  at  the  central 
plant  the  juice  from  1,200  tons  of  beete  per  day,  and  we  have  run  that  many  beets 
through  several  days  this  last  season. 

I  am  not  able  at  this  date  to  summarize  the  working  expenses  of  our  auxiliary 
plants,  or  to  say  whether  they  are  conducive  to  economical  working  under  general 
conditions,  but  the  conditions  in  the  interior  the  last  two  years  in  regard  to  facilities 
for  the  carrying  of  our  beets  have  been  excruciating,  and  we  were  compelled  to  take 
some  steps  so  that  our  farmers  could  get  their  beets  to  the  central  factory.  No  other 
way  offered  itself  that  seemed  to  meet  the  emergency  except  that  of  building  auxil- 
iary plants.  We  pay  the  same  price  per  ton  as  when  delivered  at  the  central  factory. 
Our  prices  for  1900  were  $4.50  i^er  ton  for  l:>eets  containing  not  less  than  14  per  cent 
sugar  with  a  purity  of  80,  $4.25  for  beets  containing  13  per  cent  sugar  with  a  like 
purity,  and  $4  per  ton  for  beets  containing  12  per  cent  sugar  with  the  same  purity. 
The  average  (juality  of  the  l)eets  was  14.1  per  cent,  with  a  coefficient  of  purity  of  82. 
Our  entire  lows  was  only  2.8  per  cent.  We  used  the  osmose  process  on  our  low- 
product  molasses. 

There  is  a  strong  probability  of  our  putting  in  another  auxiliary  plant  or  cutting 
station  at  a  })oint  on  our  pipe  line  south  about  14  miles  from  here  this  spring,  so  as  to 
have  it  ready  in  time  for  this  season's  work,  and  this  will  be  done  for  the  same 
reason  that  we  built  the  others,  viz:  On  account  of  the  extreme  scarcity  of  cars  at 
our  disposal  during  the  months  of  September,  October,  and  November. 

It  can  be  readily  seen  that  if  this  system  shall  prove  a  success,  it  will 
change  materially  the  status  of  the  industry.  Some  of  the  objections 
offered  are  that  the  quality  of  the  juice  will  deteriorate  in  reversions; 
that  the  liming  of  the  juice  will  interfere  with  its  conveyance,  l)ut  Mr. 
Cutler,  quoted  above,  says:  '^  We  feel  that  we  can  say,  however,  that 
with  us  they  (pipe  lines)  are  a  perfect  success." 

This  plan  makes  it  possible  to  establish  a  large  factory  (as  in  the 
case  of  the  Utah  factory)  at  some  central  point.  And  then  at  distances 
convenient  for  the  purpose,  slicing  stations  can  be  installed.  The 
people  living  in  the  vicinity  of  these  stations  have  most  of  the  benefits 
enjoyed  by  those  near  a  regularly  equipped  factory.  The  farmers 
have  the  convenience  of  delivering  their  beets  in  wagons  and  returning 
home  with  loads  of  pulp  for  feeding  their  stock.  A  farming  com- 
munity that  has  not  the  capital  to  build  a  factory  or  the  opportunities 
to  secure  outside  capital  may  instead  secure  one  of  these  slicing 
stations. 

This  plan  will  have  a  great  tendency  to  increase  the  capacity  of  the 
main  factory.  Almost  any  company  will  be  in  a  position  to  inaugu- 
rate this  auxiliary  system  by  increasing  its  capacity  for  working  the 
juice.  The  sj^stem  seems  inviting,  providing  it  is  practical  to  convey 
juice  in  this  way.  It  would  certainly  be  cheaper  to  force  the  juice  the 
same  distance  than  to  haul  the  beets  by  any  method  of  conveyance. 

It  is  a  system  that  augurs  much  under  our  peculiar  conditions  if  it 
shall  prove  a  success,  which  seems  probable.  At  least  it  is  one  of  the 
industrial  problems  to  be  worked  out  in  this  country.  It  may  have 
much  to  do  with  the  future  of  the  industry.  It  is  one  .worthy  of 
careful  consideration. 
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Irrigation. 

We  have  vast  areas  of  land  in  this  country  that  is  peculiarly  suscepti- 
ble to  reclamation  through  irrigation.  Most  of  this  land  proves  it^U 
to  ))e  good  soil  for  the  production  of  sugar  beets,  provided  moLsture  b 
secured.  We  ))egan  the  business  of  growing  sugar  ]>eets  with  very 
little  information  as  to  the  eifect  of  irrigation.  We  have  worked  out 
the  main  facts  ourselves. 

Utah  hius  oifered  a  large  fund  of  information  on  this  subject.  The 
original  settlei-s  of  Utah  began  by  raising  products  under  almost  desert 
conditions.  They  devised  and  put  into  operation  a  system  of  irrigating 
ditches  that  is  a  model.  Under  their  svstera  small  farms  are  the  nile, 
and  the  resources  are  carefullv  husbanded.  The  sugar  factory  was 
installed  in  a  section  having  small,  carefully  tilled,  irrigated  farm.'^. 
Previous  exp<M'iments  had  shown  that  it  was  possible  to  grow  sugar 
beets  })y  irrigation.  This  question  w^as  put  to  a  practical  test.  There 
is  sufficient  niinfall  to  sprout  the  plants  and  start  them  on  their 
growth.  In  order  to  complete  the  crop  it  is  necessary  to  re«»ort  to 
irrigation.  The  amount  of  irrigation  depends  upon  the  amount  of 
rainfall,  and  it  is  only  resorted  to  when  necessary.  The  experience  of 
elevt*n  years  has  shown  that  sugar  beets  C4in  be  successfully  produciMi  by 
irrigjition,  but  there  are  many  things  in  irrigation  that  must  be  studied 
and  applied  with  reference  to  this  particular  crop. 

New  Mexico  followed  Utah's  example.  Sugar  beets  have  been 
grown  in  the  Pecos  Valley,  where  the  necessity'  for  the  application  of 
moisture  through  irrigation  is  greater  than  in  Utah.  The  results  of 
this  test  also  show  that  the  crop  can  be  produced  in  this  way. 

N(^xt  came  Colorado,  with  the  establishment  of  a  factorv  at  Grand 
Junction,  where  a  large  part  of  the  moisture  was  applied  through  irri- 
gation. Factories  were  also  started  in  the  Arkansas  Valley-,  Coloi-ado, 
at  Rocky  Ford  and  Sugar  City,  where  irrigation  will  again  lx>  put 
more  or  less  to  the  test.  The  lack  of  sufficient  rainfall  in  California 
has  opened  up  this  question  there.  Every  year  adds  more  to  the 
amount  of  territory  where  sugar  beets  can  be  grown  through  irriga- 
tion, if  necessary,  and  where  they  are  acrtually  grown  in  this  way. 

The  resources  for  establishing  artesian  wells  are  being  investigated, 
with  a  view  to  securing  an  available  supply  of  moisture  for  growing 
sugar  l)eets.  Problems  of  storing  water  in  the  mountains,  to  be  used 
in  th(»  irrigation  of  crops  in  the  valleys,  are  becoming  matters  of 
interest  to  the  National  Government.  Special  features  of  applying 
irrigation  to  sugar-beet  crops  are  questions  for  c«,reful  study  through- 
out these  arid  sections. 

.  The  really  hopeful  feature  of  the  present  tendency  in  factory  build- 
ing is  the  future  which  opens  through  this  industry  to  the  arid  parts  of 
our  country.  As  experience  with  irrigation  has  accunuilated  definite 
knowledge  of  results  in  growing  sugar  ])eets,  it  has  l)een  found  that 
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heir  production  appeals  more  for  its  introduction  than  does  any  other 
►roduct.  Beet  culture  presents  a  twofold  claim  on  this  region:  (1)  It 
lai^  been  shown  that  with  sufficient  moisture  a  greater  success  can  be 
nado  with  thLs  crop  than  with  an}'^  other:  (2)  at  the  same  time  it  has 
>een  shown  that  the  sugar  beets  grown  in  these  arid  regions  during 
;he  past  year  (1900)  have  maintained  a  higher  avei-age  sugar  content 
md  purity  than  those  grown  any  place  else.  This  gives  the  farmers 
yi  these  sections  a  new  crop  resource  which  seems  fitted  in  every  way 
to  reach  lUi  best  results  under  their  peculiar  conditions.  It  adds  to 
their  rotation  and  will  affect  very  materially  the  resourcefulness  of 
the  arid  section. 

The  history  of  agriculture  and  mining  in  these  Mountain  States  pre- 
sents a  very  close  analog3^     The  first  mining  of  the  country  was  con- 
fined to  the  rich  outcroppings,  onl>'^  the  rich  ores  being  worked.     In 
this  way  the  whole  mining  region  was  skimmed.     Later  new  processes 
were  discovered  for  working  lower-grade  ore,  and  the  old  dumps  and 
abandoned  claims  became  even  more  valuable  than  the  pioneer  rich 
mines.      Original  agriculture  in  these  States  followed  the  streams  and 
selected  spots  where  moisture  would  prevail.     The  large  fertile  valleys, 
more  arid,  were  avoided.     The  science  of  irrigation  has  progressed. 
Flowing  streams  have  been  tapped  and  the  water  turned  onto  these 
arid  plains,  showing  results  far  more  important  than  those  from  the 
lands  originally  cultivated.     These  results  rival  the  l>est  in  the  Missis- 
sippi Valley.     In  fostering  the  agricultural  industries  and  seeking  for 
crops  that  are  suitable  for  the  arid  region,  the  Government  has  builded 
better  than  it  knew.     In  attempting  to  better  the  condition  of  its  citi- 
zens, putting  them  in  position  for  establishing  lucrative  farms  and 
prosperous  farming  districts,  it  has  greatly  enhanced  the  value  of  its 
own  possessions. 

In  the  settlement  of  the  countrv  these  arid  lands  have  been  avoided 

on  account  of  their  liu*k  of  moisture.     A  large  portion  of  this  land 

still  belongs  to  the  (lovernment,  and  has  hitherto  served  no  purpose 

except  that  of  grazing.     Several  aiTcs  of  land  are  re(|uired  for  grazing 

one  animal.     These  lands  can  be  made  and  should   be  made  more 

productive.     Throughout  the  length  and  })readth  of  these  arid  regions 

vast  quantities  of  water  are  running  away  to  the  sea.      Tlie  plans 

devised  at  present  for  irrigating  take  their  water  from  riuming  streams. 

This  would  utilize  during  a  part  of  the  year — the  growing  season — 

some  of  this  water.     During  the  other  part  of  the  year  and  at  the  time 

of  the  heavy  i*ains  and  movement  of  the  snows  by  melting,  th(*  water 

escapes  through  its  various  channels  into  the  sea.     These  waters  should 

be  stored  and  let  down  into  the  valley  gradually,  thus  multiplying 

their  utility  many  times  and  multiplying  as  many  times  more  tht» 

amount  of  land  that  can  be  brought  into  usefulness.     Wherever  land 

is  recovered  in  this  way  and  given  a  permanent,  sufficient,  available 

supply  of  water  for  producing  crops,  its  value  is  enormously  increased. 
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The  Feeding  of  Pulp  and  of  Beets. 

Here  is  another  great  opportunity  for  utilizing  the  benefits  of  tiie 
sugar  industry.     Sugar  beetzs  are  a  valuable  crop  to  grow^  on  a  fann 
for  their  feeding  value  alone.     After  the  sugar  contained  b^^  the  beeti* 
extracted,  they  are  almost  as  valua))le  for  feeding  purjx>S4»^  as  thej 
were  l>efore.     The  idea  naturally  presents  itself  that  the  fai-mer  would 
find  it  especially  'profitable  to  grow  the  beete  and  sell  the  su^^r  thev 
contain  to  the  factory  and  have  the  pulp  for  feeding.      In   previo^t 
reports  I  have  had  considerable  to  say  on  this  subject.     I  have  offered 
the  evidence  of  the  most  extensive  and  suc<;essful  stock  feeders  in  tbin 
country,  have'  given  the  rasults  of  exhaustive  ex perimentw  which  they 
have  made,  and  have  shown  that  pulp  is  the  very  best  food  in  the  ration 
of  the  dairy  cow.     After  stock  has  been  trained  to  eat  it,  there  is  noth- 
ing that  gives  as  good  results  in  all  kinds  of  geneiul  feeding  as  a  <'er- 
tain  amount  of  this  sugar-beet  pulp. 

PULP  feeding.    - 

In  my  report  for  1899,  attention  was  called  to  the  results  of  large 
feeders  at  (jrand  Island,  Nebr. ;  also  to  those  obtained  by  the  Stand- 
ard ('attle  Company  at  Ames,  Nebr.,   probabh'  the  largest  feeding 
enterprise  in  this  country.     It  was  shown  that  aft(»r  exp)erimenting 
with  pulp  in  feeding  sheep  and  cattle,  this  coni^ern  through  its  stock- 
holders stimulated  the  organization  and  building  of  a  sugar  facton' 
in  that  vicinity.     The  prime  object  to  be  attained  was  the  se<?uring 
of  the  pulp  for  feeding  which  this  fa^^tory  would  turn  out.     After 
sugar  beets  have  been  through  the  factory  there  remains  in  this  by- 
product about  45  per  cent  of  their  original  weight.     This  factory  at 
Ames  is  one  of  500  tons  daily  capacity.     It,  therefore,  turns  out  in  its 
daily  run  over  225  tons  of  pulp.     This  pulp  is  easily  stored  and  preserved. 
In  this  particular  (rase,  it  was  usually  hauled  out  into  the  feed  lots  like 
other  coarse  feed  and  consumed  daily.     If  necessary  it  will  keep  for 
two  or  three  years  and  still  be  valuable  for  stock  feed.     The  action  of 
this  company  is  a  strong  argument  in  favor  of  the  desiralnlity  of  pulp 
for  stock-feeding  purposes.     Its  utility  must  have  appeared  great  to 
cause    a   concern   of  this   kind   to    invest   capital    to    the  extent  of 
$000,000  or  $70<),000  simply  to  get  this  product.     Strongly  as  itappeals 
to  those  posted  on  the  subject,  it  has  lx>en  a  strange  fact  that  the  farm- 
ers at  large  have  been  so  slow  to  recognize  its  value.     It  has  been 
mostly  the  large  feeders  or  companies  organized  for  feeding  purposes 
who  have  taken  advantage  of  this  source  of  securing  desirable  and 
cheap  feed. 

Many  of  the  factories  have  had  in  the  start  to  offer  their  pulp  at  10 
to  35  cents  a  ton,  and  in  some  cases  they  have  given  it  away  in  order 
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to  get  it  out  of  the  way.  In  isolated  cases  farmers  took  up  with 
the  proposition  readily,  but  it  seems  it  has  taken  a  great  deal  more 
time  than  should  have  been  required  to  convince  the  ordinary  farmer. 
The  American  Beet  Sugar  Company,  of  Oxnai-d,  Cal.,  has  itself 
taken  hold  of  this  question,  built  large  stoi^k  yards  and  is  feeding  a 
large  number  of  cattle  from  its  factory. 

When  we  compare  the  action  of  the  Oxnard  factory  with  that  of 
the  Standard  Cattle  Company  at  Ames,  Nebr.,  we  can  comprehend  the 
strong  mutual  relation  that  exists  between  the  sugar  manufactory  and 
the  feeding  industry.  One,  a  feeding  concern,  builds  the  factory  to 
get  the  pulp  for  its  cattle  and  sheep.  The  other,  a  factory  conc^ern, 
establishes  immense  stock  yards  and  buys  up  a  large  herd  of  stock  in 
order  to  dispose  of  the  pulp.  It  only  shows  that  information  is  the 
thing  required. 

In  New  York  almost  every  farmer  is  engaged  more  or  less  in  dairy- 
ing. He  lives  in  proximity  to  some  large  trade  center.  The  people 
of  this  center  must  be  supplied  with  milk,  butter,  and  cheese.  At 
these  centers  are  located  factories  working  on  cereal  products.  They 
are  manufacturing  starch,  beer,  and  other  products.  They  have  a 
large  output  of  by-products  which  is  returned  to  the  farms  for  feed- 
ing pui-poses.  This  refuse  has  shown  itself  through  years  of  experience 
to  be  especially  valuable  as  food  for  the  dairy  cow.  The  fanner  is 
educated  as  to  its  utility.  In  order  to  produce  his  milk  cheiaply  and 
successful Iv  he  must  resort  to  this  kind  of  feed,  as  does  everv  other 
farmer. 

The  farmers  of  New  York  were  especially  inclined  from  their  past 
experience  to  accept  the  proposition  that  sugar-beet  pulp  was  a  good 
feed.  When  the  factories  started  in  New  York  it  was  with  the 
advantage  of  being  able  to  readily  dispose  of  their  pulp.  In  the 
beginning  the  factory  at  Bingham  ton  was  able  to  turn  oS  its  pulp  at 
from  60  cents  to  $1  per  ton.  It  will  be  able  to  get  more  per  ton  as 
the  demand  grows  stronger.  All  the  factories  that  have  been  estab- 
lished in  other  States  will  finally  be  able  to  sell  their  pulp.  The 
demand  will  grow  and  the  price  will  increase.  They  will  have  to 
educate  the  farmers  in  their  vicinity  to  the  point  where  the  New  York 
farmer  began. 

Mr.  Robert  Oxnard,  at  a  banquet  recently  given  at  Kocky  Ford, 
«aid,  among  other  things,  in  speaking  of  the  benefits  which  would 
accrue  from  the  establishment  of  a  sugar  factory: 

It  means  that  the  cattle  feeder  and  the  .sheep  feeder  are  given  at  a  nominal  i)ri(« 
one  of  the  best  fattening  and  dairy  focnls  known.  After  the  sugar  is  extraot<'d  the 
pulp  is  almost  as  good  as  the  beet  itself  for  cattle  feed,  and  no  farmer  is  doing  justice 
to  himself  who  does  not  take  his  proportion  of  pulp  and,  after  turning  off  a  few  fat 
steers  or  sheep  at  a  good  profit,  return  to  the  land  in  the  shape  of  manure  that  which 
he  took  from  it. 
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The  reportt>.r  for  the  Ik»,et  Sugar  Gazette,  Chicago,  111.,  ha^s  the  fol- 
lowing to  say  of  pulp  feeding  at  Los  Alainitos,  Cal. : 

Live  Ht<K'k  in  in  excellent  condition,  eHpecially  that  which  has  ]yeen  fe<\  u{x>n  paJp. 
The  l)eHt  effect  of  this  fwKl  was  shown  in  the  great  improvement  made  in  the  L*» 
Cerritos  ComjMiny'H  henl  of  150  cows,  which  increased  in  weight  of  milk  IHO  iieroent, 
with  ail  incrt*ase  of  0.6  per  c4.»nt  in  the  content  of  butter  fat.  The  pulp  is  feii  to  the 
cows  in  troughs,  where  they  are  allowe<l  to  lick  it  uj)  at  will,  allowing  about  f© 
pounds  j)er  head;  for  roughness  they  are  fed  alfalfa  hay.  These  two  fcxxls  alone  con- 
stitute their  ration,  upon  which  the  cows  not  only  impn)ve  in  pnKiuct,  but  keep  io 
better  health,  and  some  of  them  even  lay  on  flesh.  The  pulp  is  relished  equally  » 
much  by  hogs,  a  large  numl)er  of  which  are  kept  in  connection  with  the  dairj-. 

It  is  unnecessaiy  to  add  testimony  in  support  of  the  proposition  that 
sugar-l)eet  pulp  is  valuable  for  feeding  pui*poses.  This  is  geiiei-ally 
ac»eepted  now  by  those  best  posted  in  agricultural  sub]e(;t.s.  Wherever 
a  sugar  factory  has  been  established,  enough  of  this  by -product  is  fed 
to  thoroughly  demonstrate  its  utility  as  food.  The  agri<*ultunil 
press,  the  general  newspapers,  and  the  leaders  of  agricultural  thought 
will  keep  this  matter  before  the  public  until  it  will  be  thoroughly 
advised  thereon.  These  factories  will  all  eventually  dispose  of  their 
pulp  at  a  remunemtive  figure,  or  else  it  will  be  returned  to  the  fanner 
under  some  such  arrangement  as  is  now  adopted  by  the  ereanierie* 
with  skimmed  milk. 

In  any  case  the  farmer  and  the  manufacturer  are  bound  to  be  mutu- 
ally l)enefited.  Pulp  feeding  is  one  of  the  stix)ng  salient  points  in 
favor  of  the  l>eet-sugar  industry  as  against  the  encroachment  of  cheaper 
sugai*s  produced  in  the  Tropica.  The  stimulus  it  gives  to  the  stoi*k  and 
dairy  industries  must  be  counted  in  favor  of  the  general  resources  of 
the  beet-sugar  industry. 

This  problem  will  have  been  fully  worked  out  when  the  value  of  this 
by-product  is  as  thoroughly  appreciated  as  it  is  in  the  sugar-producing 
countries  of  Europe.  This  will  be  when  every  consumer  of  ft^eding 
commodities  appreciates  the  value  of  pulp  for  food  and  is  making  a 
demand  therefor.  In  those  (countries,  stock  is  not  only  fed  pulp  in  the 
manner  described  above,  but  machinerv  is  installed  in  the  facto r\'  for 
preparing  it  and  sending  it  out  in  convenient  form.  The  pulp  is  dried 
and  pressed  and  sent  out  as  is  the  oil  cake  of  the  flaxseed-oil  factories 
in  this  country.  It  is  very  much  reduced  in  bulk  and  weight,  and  ifc* 
feeding  value  is  increased.  It  can  hv  readily  sent  to  the  retail  feed 
stores  and  doled  out  in  parcels,  as  is  now  done  with  bi'an,  oil  cake, 
etc.  This  dried,  specially -prepared  pulp  sells  on  the  market  for  $1  per 
hundredweight.  This  brings  the  citizens  of  cities,  towns,  and  villages 
in  as  customer's  for  this  })y -product  of  the  sugar  factory. 

The  writer  is  unable  to  state  whether  or  not  the  dried  product  is 
more  available,  palabible,  or  desirable  than  the  fresh  pulp.  It  is  « 
fact,  however,  that  the  demand  is  very  strong  for  it  in  Europe  and  it 
holds   a   very  high   place  on  the  list   of  feeding   productij   on    those 
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markets.  If  the  same  shall  be  the  case  in  this  country,  this  geneiul 
demand  will  very  much  increase  the  usefulness  of  pulp,  and  make  it 
still  more  a  factor  in  the  question  of  sugar  producing.  We  are  not 
long  to  be  left  in  the  dark.  Several  of  the  companies  are  now  install- 
ing dcpailments  and  appai-atus  in  their  factories  for  drying  this  pulp. 
Some  of  them  are  accepting  the  machinery  with  the  proviso  that  it 
shall  be  retained  as  a  feature  provided  it  is  successful  in  turning  out  a 
product  that  is  desimble  and  useful.  Among  the  factories  at  which 
this  matter  is  being  tested  arc  the  ones  at  Binghamton,  N.  Y.,  and 
Holland  and  Bav  Citv,  Mich. 

USK   OF   BEETS   IN   FINISHING   CATTLE. 

Prof.  C.  F.  Curtis,  of  the  Iowa  Experiment  Station,  says  in  the 
Beet  Sugar  Gazette: 

From  our  experience  here  in  the  use  of  beets  in  finishing  cattle  of  liigli  quality  for 
the  block,  I  hav6  no  hej*titancy  in  paying  that  the  introduction  of  roota  and  the  l)eet 
product  into  our  fattening  rations  will  result  in  a  higher  and  more  desirable  finish, 
and  a  vastly  better  pro<hict.  All  of  the  cattle  that  have  l>een  marketed  by  the  Iowa 
station  and  killed  with  such  goixi  results  have  been  finished  on  a  ration  consisting  in 
part  of  roots.  Some  of  these  cattle  were  on  feed  a  year,  and  carried  to  an  unusual 
degree  of  ripeness,  and  yet  not  one  of  them  was  what  might  he  termed  overdone. 
When  one  of  our  Ixist  carload  lots  was  hanging  in  Swift  &  Co.'s  cooling  rooms  the 
head  cutter  and  manager  remarked:  *'  Look  at  them.  Did  you  ever  i^ee  as  highly  fin- 
ished a  bunch  of  steers  without  a  patch  on  the  carcasses  anywhere?"  The  use  of 
root  crops  enables  the  feeder  to  make  a  bett<?r  and  more  desirable  carcass  of  beef 
than  can  be  made  on  dry  feed  alone.  The  animals  fed  roots  are  mellower  to  the 
touch,  evener  in  their  flesh,  and  in  better  bloom  than  it  is  possible  to  obtain  on  dry 
feed,  and  the  gains  are  lai^er  and  more  economically  produced.  The  same  advan- 
tages apply  even  in  greater  degree  to  the  use  of  roots  in  the  ration  for  breeding 
stock.  It  will  pay  to  establish  root  culture  on  the  stock  farm,  whether  we  make  our 
own  sugar  or  not.  I  spent  a  day  on  the  farm  of  the  Standard  Cattle  Company  at 
Ames,  Nebr.,  where  3,000  cattle  were  on  grain.  Mr.  Allen,  the  manager,  was  then 
feeding  beets  quite  extensively.  These  were  purchased  from  neighboring  farmers 
at  $1.50  per  ton,  and  considere<l  profitable  feed  at  this  price  when  com  could  be 
obtained  at  from  18  to  20  cents  per  bushel.  I  never  saw  cattle  appear  to  be  doing 
better  or  in  a  more  thrifty  condition.  Mr.  Allen  also  states  that  until  they  bc^gan 
feeding  roots  they  were  troubled  with  hog  cholera,  but  since  then  they  have  not 
had  it. 

Fertilizincj  and  Cultivating  the  Soil. 

One  of  the  strong  points  in  favor  of  beet-sugar  production  is  that  a 
large  area  of  our  country  is  capable  of  producing  the  crop  without  the 
aid  of  anything  but  the  ordinary  barnyard  manure.  In  Germany  and 
France  it  costs  $20  to  fertilize  an  acre  of  ground  by  the  use  of  com- 
mercial fertilizers.  In  the  Hawaiian  Islands  it  costs  ^^2.50  per  acre 
for  fertilizer  in  order  to  produce  a  crop  of  sugar  cane. 

We  have  considerable  scope  of  country  devoted  to  the  raising  of 
sugar  beets  upon  which  nothing  can  be  successfully  grown  without  the 
application  of  more  or  less  commercial  fertilizers.     It  may  be  demon- 
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strated  that  all  the  8oil  devoted  to  this  use  could  be  made  more  respon- 
sive by  the  use  of  some  of  these  commercial  fertilizei^s.  As  a  genenl 
proposition,  it  cslti  be  stated  that  our  soils  are  considerably  less  expeo- 
sive  in  the  demand  for  fertilizers  than  are  those  upon  which  the  sugar 
l)ect*i  of  Europe  are  grown.  However,  it  is  more  or  less  an  open 
question  how  much  and  what  kind  of  fertilizers  should  be  used  here- 
This  is  a  subject  which  is  constantly  under  investigation.  The  solution 
of  the  problem  will  affect  more  or  less  the  quantity  and  quality  of  our 
future  beet  crops. 

There  is  another  iUiin  that  will  have  a  strong  bearing  on  the  future 
production  of  this  crop,  and  that  is  the  kinds  and  methods  of  cultivi- 
tion.  It  is  being  pretty  thoroughly  demonstrated  that  the  method  of 
cultivation  adapted  to  one  section  will  not  answer  the  purpose  in 
another.  It  is  a  matter  of  experiment  to  know  just  what  kind  of  cul- 
tivation should  prevail  in  any  particular  section.  In  some  places  deep 
plowing  seems  absolutel}'^  necessary;  in  others  this  is  not  a  real 
requirement. 

There  are  some  who  insist  that  sugar-beet  land  should  be  selected 
from  the  stubbles  and  meadows;  that  it  should  be  plowed  the  year 
before,  and  replowed  and  harrowed  just  before  planting.  It  is  claimed 
by  them  that  the  fallowing  of  the  land  for  a  certain  time,  followed  with 
freezing,  puts  the  soil  in  the  best  condition  for  planting  sugar  beets. 
Others  claim  that  the  very  best  land  that  can  be  selected  is  that  which 
has  been  in  corn  the  year  previous.  They  say  that,  while  it  takes  a 
little  more  trouble  to  remove  the  stubs,  yet  the  cultivation  the  soil 
received  the  year  before  is  necessarj"  to  give  the  best  results  with  a 
sugar-lx^ct  crop.  Of  course  this  argument  would  apply  to  most  of  the 
other  cultivated  crops.  The  writer's  observation  leads  him  to  believe 
that  ))oth  these  classes  are  right.  They  are  both  giving  expression  to 
their  actual  experiences.  The  variance  in  methods  arises  from  the 
different  requirements  of  the  different  sections.  For  instance,  large 
areas  of  sugar  beets  are  grown  in  this  country  where  freezing  does 
not  obtain  at  all.  And  in  other  sections  of  the  country,  especially  in 
the  Mississippi  Valley,  results  are  obtained  by  rotation  that  farmei'sin 
another  section  would  have  to  obtain  by  fallowing  and  plowing.  The 
kind  of  cultivation  needed  must  be  settled  ior  each  district  according 
to  its  own  peculiar  requirements.  This  problem  is  now  under  investi- 
gation, and  eventually  each  farming  district  will  have  its  own  '* right 
way."  The  solution  is  being  worked  out  on  the  farms.  Finally,  we 
shall  have  standards  governing  the  kind  and  method  of  cultivation, 
and  the  sugar  industry  will  be  greatly  benefited  by  the  informatioD 
obtained. 

In  discussing  the  future  of  the  sugar  industry  from  the  agricultunl 
side,  and  giving  the  list  of  benefits  that  must  result  from  experience 
and  practice,  we  must  not  overlook  the  lasting  benefits  to  be  derived 
by  the  soil  itself  from  intensive  cultivation.     Whatever  be  the  method 
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>f  cultivation  prevailing,  there  are  a  few  points  that  must  always  be 
)bserved  in  the  cultivation  of  sugar  beets.  The  ground  must  l>e  kept 
'lean  and  free  from  weeds;  it  must  be  thoroughly  plowed  and  culti- 
r^ated;  itB:iust  be  kept  in  a  high  state  of  fertility  through  the  applica- 
ion  of  barn^^ard  manure  or  commercial  fertilizers. 

In  the  harvesting  of  the  crop  the  ground  is  again  stirred.  The 
•efuse  of  the  crop,  if  it  is  not  fed,  such  as  the  tops  and  crowns,  con- 
fining valuable  fertilizing  elements,  are  left  on  the  field.  This  is 
isually  the  case.  These  readily  decay  and  enter  again  into  the  feiiiil- 
ty  of  the  soil.  The  ground,  through  its  numerous  cultivations  and 
stirrings,  is  i*endered  very  soft  and  pliable.  Being  free  from  weeds 
ind  grasses  it  is  in  a  line  condition  for  producing  crops.  By  a  proper 
jystem  of  crop  rotation  the  farmer  is  constantly  bringing  other  parts 
rf  his  land  under  this  high  state  of  cultivation.  Every  succeeding 
3rop  teaches  the  benefits  to  the  farmer  to  be  derived  from  intense 
cultivation;  finally  it  becomes  the  rule  of  his  system.  Of  the  benefits 
which  come  from  installing  the  beet-sugar  industry,  we  must  count 
soil  improvement  by  high  cultivation  an  important  item.  It  is  an 
Item  that  will  in  the  future  ijmre  to  the  general  benefit  of  agriculture 
throughout  the  country. 

The  following  are  the  deductions  of  the  Michigan  State  Experiment 
Station  from  the  experiments  with  sugar  beets  in  1S99: 

Subsoil  plowing  practiceil  immediately  before  wowing  the  l)eete,  owing  j)erhap8  to 
the  severe  drouth  which  followed,  resulted  in  the  complete  Iohh  of  the  crop. 

Coarse  manure  applied  some  two  months  before  sowing  the  l)eets  re«ulte<i  in 
increased  yield  and  l)eets  of  a  normal  iwrcentage  of  sugar. 

Carefully  prepare<i  home-mixed  fertilizer  gave  higher  yields  and  l)etter  beets  than 
stable  manure. 

Nitrate  of  soila  alone  gave  no  marked  increase  in  yield,  but  in  combination  With 
other  elements  generally  increased  the  yield  with  a  normal  percentage  of  sugar. 

In  every  case  nitrate  of  soda  gave  higher  yields  than  sulphate  of  ammonia. 

Wood  ashes  and  salt  increased  the  yield  of  Inlets  slightly. 

One  ton  of  air-slaked  lime  per  acre  increased  slightly  the  yield  of  beets  on  the 
uplands  without  affecting  the  percentage  of  sugar. 

On  muck  land,  one  ton  of  air-slaked  lime  per  acre  in  combination  with  other  fer- 
tilizers decreaseil  the  tonnage  11  j)er  cent  and  reduced  the  sugar  content  from  9.64 
to  7.68  per  cent.  When  lime  was  applied  alone  on  muck  land,  increased  applica- 
tions increased  the  tonnage  of  beets  but  det^reased  the  percentage  of  sugar. 

Karly  planting  gave  larger  yields  and  slightly  higher  percentage  of  sugar. 

Clay  loam  soil  produced  the  largest  tonnage  and  the  highest  i)ercentage  of  sugar; 
ioUowed  by  other  soils  in  the  order  below,  except  that  the  tonnage  on  muck  is  next 
today  loam:  Sandy  loam,  sand,  clay,  nmck. 

During  the  past  season  there  was  a  slight  falling  off  in  sugar  content  of  growing 
^ts  from  October  19  to  November  28. 

Conservation  of  Factory  Utility. 

The  time  for  an  acti\'e  campaign  in  the  manufacture  of  sugar  from 
heets  is  usually  placed  at  from  three  to  four  months.  The  fact  that 
^ae  factory  is  idle  the  rest  of  the  year  with  its  large  equipment  of 
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machinery  and  its  larj^e  investment  of  capital  seems  an  expensive  fea- 
ture of  the  husinoHs.  This  question  is  pertinent:  '*  Why  can  not  the?* 
factories  employ  their  time  during  the  rest  of  the  j'ear  in  some  other 
line  incidental  to  the  manufacture  of  sugar? '^  This  questfeUi  is  con- 
stantly occurring  and  recurring  to  those  who  investigate  the  subject 
This  question  has  been  the  subject  of  careful  consideration  by  some  of 
the  manufacturers.  At  the  present  time  we  have  organizations  that 
are  projecting  plans  for  the  establishment  of  beet-sugar  fiactories  ^!0 
arranged  that  the  factory  can  be  made  useful  most  if  not  all  the  year. 
Ownei-s  of  some  factories  already  built  are  studying  these  prop>ositioiiiv 
The  Hawaiian  sugars  must  be  refined  in  this  country.  All  our 
im{x>rtations  arc  in  the  raw  form.  The  question  has  arisen:  '*Why 
not,  in  the  original  plan  of  the  coast  factories,  include  facilities  for 
refining  on  a  large  scale,  so  that  the  furnac<*s,  engines,  and  nuuT 
other  parts  of  the  factoiy ,  tus  well  as  the  labor,  might  be  employed  voo- 
tinuously  in  refining  sugar  when  not  manufacturing  itf  At  Omaha, 
Nebr.,  an  organization  has  been  considering  the  feasibility  of  erecting 
a  factory  that  will  manufacture  sugar  from  beets  during  a  regular 
campaign,  and  then  utilize  its  resources  during  the  rest  of  the  year  in 
the  manufacture  of  starch.  In  Illinois,  the  building  of  a  sugar  factoir 
that  can  manufacture  glucose  during  this  idle  period  has  l>een  seriously 
contemplated.  If  factories  can  be  utilized  in  such  ways  throughout 
the  year,  it  will  cheapen  to  a  considerable  extent  the  production  of 
sugar. 

Crop  Conditions  and  Factory  Operations  during  1900,  by  Statfs. 

The  results  of  agricultural  operations  should  always  be  viewed  in 
the  light  of  the  conditions  under  which  they  have  been  achieved. 
This  is  especially  true  of  sugar-beet  culture.  It  is  therefore  neces- 
sary, in  order  to  estimate  the  degree  of  success  achieved  in  the  beet- 
sugar  industry  during  1900,  to  review  the  climatic  and  other  conditions 
under  which  the  crop  of  sugar  beets  was  produced.  This  will  now  he 
done,  taking  up  the  States  in  alphabetical  order. 

IN  caijfornia. 

In  growing  sugar  beets,  California  has  climatic  conditions  peculiarly 
her  own.  The  cropping  of  sugar  beets  in  this  State  began  on  what  i< 
known  as  the  damp  lands.  These  have  natural  subirrigation,  or  under- 
seepage,  from  which  the  beet  crop  draws  a  supply  of  moisture  during 
its  growth.  The  first  prerequisite  is  that  there  shall  be  a  large  nun- 
fall  in  the  winter  to  thoroughly  saturate  the  soil,  not  only  that  upon 
which  the  beets  are  planted,  but  that  of  the  uplands  and  mountains. 
This  winter  saturation  serves  two  purposes:  (1)  It  supplies  sufficient 
moisture  for  sprouting  the  beet  seed,  as  they  are  planted  in  late  winter 
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3r  early  spring;  (2)  it  causes  the  subirrigation  of  the  beet  fields  during 
Lhe  growing  season. 

If  the  beets  receive  a  good  rain  or  two  after  they  have  fairly  started, 
bhe  crop  is  assured  in  these  sections.  There  is  no  question  about  the 
resources  of  the  soil.  The  results  of  many  years  have  shown  that 
bhese  soils  will  produce  an  abundant  crop  of  high-gi-ade  beets  when- 
ever the  moisture  is  secured. 

The  one  source  of  encouragement  that  remains  to  the  residents  of 
H>uthern  California  is  the  fact  that  the  record  of  a  long  series  of  years 
indicates  that  the  rainfall  in  the  last  three  years  has  been  abnormally 
low.  The  farmers  confidentlv  look  for  a  return  of  conditions  more  in 
keeping  with  the  history  of  the  State.  So  far  as  the  sugar-beet  crop 
i&  concerned,  it  is  not  especially  desira})le  that  the  average  mnfall  per 
innum  shall  be  large;  it  can  get  along  with  much  less  rainfall,  pro- 
i^ided  the  same  comes  at  the  proper  times  to  supply  the  needs  of  the 
srop. 

The  winter  satui'ation  for  this  puipose  in  1900  was  not  at  all  satis- 
factory in  California.  As  a  result,  not  nearly  so  large  an  area  was 
planted  with  sugar  beets  as  might  have  been  under  more  favorable 
Dircumstances,  and  the  earlier  beets  planted  did  not  make  a  favorable 
start.  In  the  latter  part  of  April  and  the  early  part  of  May  the  pre- 
cipitation of  moisture  was  about  3  inches  in  southern  California.  This 
was  followed  by  a  good  rain  about  the  1st  of  June.  The  results  of 
these  rains  were  that,  where  a  good  stand  had  been  secured  on  first 
planting,  an  excellent  crop  of  beets  was  assured.  It  also  offered  an 
excellent  opportunity  for  late  plantings  in  soils  well  saturated  with 
moisture,  which  afforded  better  returns  than  was  formerly  thought 
possible.  The  conditions  were  especially  adverse  in  the  districts  of 
Chino,  Los  Alamitos,  Oxnard,  etc.  By  the  late  rains,  however,  pros- 
pects were  very  much  improved. 

During  the  la^st  few  years,  the  northern  pai-t  of  the  State,  while  not 
affected  so  much,  was  cut  short  of  a  normal  crop,  varying  from  (i  half 
up  according  to  the  location.  This  protracted  drought  has  resulted  in 
some  pennanent  good.  It  has  stinmlated  the  employment  of  irrigating 
ditches  in  growing  sugar  beets. 

At  Chino  over  1,000  acres  of  beets  were  grown  this  year  by  imga- 
ion,  and  in  some  of  the  districts  where  sugar  beets  are  grown  for 
the  Los  Alamitos  factory  artesian  wells  were  sunk,  having  a  good 
flow,  bringing  lands  into  use  that  will  have  a  permanent  supply  of 
water  and  making  them  more  reliable  resources  to  the  factory. 

At  Oxnard  and  Salinas  irrigation  is  becoming  a  feature  of  sugar- 
beet  growing.  Throughout  all  the  valleys  where  this  crop  is  grown, 
iirigation  is  being  more  or  less  resorted  to.  The  limit  of  assured  yearly 
production  in  southern  California  will  be  very  much  enhanced  by  the 
amount  of  available  lands  subject  to  irrigation. 
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Fogs,  which  furnish  more  or  less  moisture  to  the  soil,  have  mitfi 
to  do  with  the  success  of  a  beet  crop.  Their  presence  indicates  the 
absence  of  wind,  and  prevents  heavj'  evaporation  of  the  stores  of  mois- 
ture in  the  earth.  Sugar  beets  get  along  with  considerably^  less  moisture, 
either  by  rainfall  or  irrigation,  acxx)rding  as  these  fogs  are  alx^ent  or 
present.  They  have  been  more  abundant  and  have  stayed  long-er  th&o 
in  the  past  few  years. 

There  has  been  considerable  agitation  of  the  labor  question  in  Cali- 
fornia during  the  past  year.  Negotiations  were  entered  into  with* 
colony  of  Russians  who  had  settled  in  Canada.  An  eflFort  was  made 
to  get  about  20,000  of  these  to  settle  in  California  and  engage  in  sugiir- 
beet  growing.  Some  of  them  came.  Many  of  the  settlers  in  the.se 
valleys  objected  to  this  importation  of  foreign  labor  as  tending  to 
lower  wages.  It  was  contended  on  the  other  hand  that  these  settlere 
are  experienced  in  growing  sugar  l>eets.  It  was  claimed  that  experience 
had  shown  that  the  average  American  farmer  is  not  prone  to  enter 
into  the  drudgery  incident  to  the  production  of  this  crop.  This  kind 
of  labor  in  California  was  formerl}'  the  specialty  of  the  Chinaman. 
He  is  to-day  the  market  gardener  and  the  farm  or  ranch  laborer  when- 
ever his  services  can  be  secured.  By  many  he  is  regarded  as  the  mod 
satisfactory  la}x)rer  from  an  agricultural  standpoint  tried  in  Califor- 
nia. The  Chinese  are  becoming  scarce;  the  operations  of  the  Chine* 
exclusion  law  has  set  a  limit.  The  Chinese  labor  has  been  estopped 
from  (!oming  into  this  countr\%  thus  effectually  shutting  off  the  sup- 
l>\y.  The  laborers  who  are  here  eventually  return  to  their  own  coun- 
try, which,  along  with  the  natural  mortality  list,  is  giadually  reducing 
their  number.  An  attempt  has  been  made  to  fill  the  place  of  the  Chi- 
naman by  bringing  in  Japanese.  It  will  take  time  to  determine 
whether  he  will  be  willing  and  able  to  do  so.  Thus  California  is  in  a 
sort  of  transitional  stage  so  far  as  labor  is  concerned. 

Hawaii,  hitherto  more  familiar  with  Japanese  labor,  is  also  agitating 
this  problem.  Several  carloads  of  the  southern  negro  laborers  have 
recently  been  taken  to  Hawaii  to  work  on  sugar  plantations  in  order 
to  test  their  efficiency. 

An  equilibrium  of  wage  conditions  l>etween  the  Pacific  coast  and  the 
Hawaiian  Islands  nmst  eventually  be  reached.  There  is  a  sort  of 
mutual  relation  existing  between  these  islands  and  California.  The 
similarity  of  their  conditions  and  productions  seems  to  demand  a  close 
relation  of  interests.  Hawaii  is  following  closely  in  the  footsteps  of 
California  in  the  manner  of  developing  her  industrial  features.  Cali- 
fornia has  to  pay  about  $30  per  month  for  efficient  labor  in  the  beet 
fields.  Formerly  the  wages  paid  were  similar  to  those  which  obtained 
in  Hawaii  a  year  or  two  ago — namely,  $12  to  $15  per  month.  Every- 
thing is  tending  in  Hawaii  to  increase  the  wages,  and  I  believe  the 
time  is  not  far  distant  when  California  and  Hawaii  will  both  be  payinjf 
their  laborers  substantially  the  same  daily  or  monthly  hire. 
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Los  Alamitos. — ^The  I^s  Alamitoa  Sugar  Company  is  operating  a 
actory  here  of  700  tons  daily  capacity.  Owing  to  the  winter  drought, 
?hich  wa8  proti'acted  into  the  spring,  the  company  and  farmers  almost 
lespaired  of  being  able  to  produce  a  crop  of  beets.  Spring  rains  very 
Duch  improved  the  situation,  and  the  district  started  in  to  produce  a 
jrop,  with  a  fairly  encoui*aging  prospect.  About  2,7(X)  acres  were 
)lanted  in  beets.  The  discovery  of  artesian  waters  available  for  use 
n  irrigation  wa.s  the  feature  of  the  year's  developments.  Several 
^ere  sunk,  and  indications  point  to  more  in  the  future.  To  the  extent 
)f  the  ability  to  apply  irrigation  in  this  way  will  the  factory  be 
benefited  and  assured  of  its  future  crop. 

The  present  winter  (19(K)-1901)  conditions  have  been  very  favorable 
tor  the  success  of  the  beets  to  be  raised  the  coming  season.  A  large 
rainfall  occurred  the  latter  part  of  November,  which  was  followed  with 
3opious  rains  in  December  and  January.  The.se  latter  rains  came 
down  sfi^adually,  covering  a  period  of  two  or  three  days  each  time  and 
recording  from  2i  to  8  inches.  This  starts  the  crops  off  with  every 
assurance  of  success.  The  land  is  in  fine  condition  for  plowing  and 
seeding,  and,  with  a  few  showers  during  the  growing  season,  the 
farmers  of  L<js  Alamit<)s  should  be  able  to  realize  a  splendid  crop. 

Jiemiftx  at  Iam<  Alnmitoa  duriruj  the  year  UH)(), 

Date  of  starting  the  factory 2lHt  of  August 

Date  of  closing  the  same 20th  of  September 

Number  of  days  factory  was  iu  ojH^ration 31 

Xumljer  of  acres  planted  to  l)eets 1, 500 

Number  of  at»res  of  Injets  harvestcMl 1, 070 

Quantity  of  l)eet«  worked tons. .  7, 500 

Average  coat  of  beets  j)er  ton $4. 80 

Average  y iel<i  of  beets  ])er  acre  harvest e<l tons. .  . 7 

Average  sugar  content  of  beets  workt^l j>er  rent. .  17. 32 

Average  coefficient  of  purity 82.  5 

Amount  of  sugar  prcKiuceti tons. .  750 

Sugar  in  process <lo 60 

Total  number  of  employees  for  the  campaign 146 

Chino. — The  American  Beet  Sugar  Company  is  operating  a  factory 
here  of  1,()00  tons  daily  capacity.  Crop  conditions  at  Chino  during 
the  past  year  were  quite  similar  to  those  described  for  Los  Alamitos. 
The  new  feature  of  the  district  was  the  amount  of  beets  grown  by 
irrigation.  The  American  Beet  Sugar  Company  concluded  not  to- 
operate  the  factory,  but  to  ship  the  beets  gi'own  here  to  Oxnard,  to  be 
worked  up  along  with  beets  grown  for  the  Oxnard  factory.  This 
company  seems  to  be  making  every  effort  to  stimulate  the  farmers  in 
the  production  of  beets.  The  following  item  from  the  Beet  Sugar 
Gazette  shows  the  prices  to  be  paid  in  the  future  for  beets: 

The  American  Beet  Sugar  Company  of  Chino  has  made  a  substantial  increase  in 
the  price  of  beets  for  the  next  campaign.     The  factory  will  pay  |4.25  i>er  ton  for  all 
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beets  weighing  not  to  exceed  5  pounds  to  he  raised  during  the  1901  campaign,  regvo- 
less  of  sugar  content  or  purity,  and  an  additional  25  cents  {ler  ton  will  be  pai<Ur 
each  per  cent  above  15.  The  price  prevailing  during  the  season  now  closing,  as  m 
other  recent  years,  was  $3.50  per  ton  for  all  beets  containing  12  per  cent  sugar,  with 
an  additional  25  cents  per  ton  for  each  per  cent  above  12.  Beets  falling  below  thit 
standanl  were  subject  to  a  discount  of  75  cents  for  each  per  cent  under  12.  Thosi 
beet  of  11  per  cent  sugar  brought  $2.75,  and  one  of  10  only  $2. 

RemiU^  (it  Chino  during  the  year  1900, 

Number  of  acres  planted  to  beets 2,3S 

Number  of  acres  of  beets  harvested 1. 29i* 

Quantity  of  beets  shipped  to  Oxnard  factory t4)ns. .  4,  \^ 

Average  cost  of  l)eets  r>er  ton 14.  i* 

Average  yield  of  beets  per  acre t<»nH. .    3.3» 

Average  sugar  content  of  begets  worked per  i-ent. .    Ri 

Average  coefficient  of  purity TS"^ 

Number  of  employees  kept  the  year  round U 

OxNARD. — The  American  Beet  Sugar  Company  i.s  operating  a  fsu- 
tory  here  of  2,000  tons  daily  capacity.  The  same  winter  drouofht 
described  for  Los  Alamitos  and  Chino  prevailed  here,  but  the  later 
spring  mins  did  much  to  recoup  the  district.  The  record  of  the  yeir 
was  not  a  very  high  tonnage  per  acre,  but  the  percentage  of  sugar  Id 
the  beets  grown  was  quite  remarkable,  and  this  did  much  to  make  up 
the  loss  to  the  farmer  in  the  gross  weight  of  beets.  Beet  dLseai?e> 
were  quite  noticeable  throughout  the  district.  The  main  feature  of 
the  year's  work  was  the  establishment  by  the  company  of  large  feed- 
ing yards  adjacent  to  the  factory.  These  yards  were  stocked  with 
cattle  and  fed  from  tlie  pulp  produced  })y  it.  The  factory-  l>egan  slic- 
ing August  15.  Owing  to  the  limited  supply  of  beets  it  wius  decided 
to  use  but  half  of  the  capacity  for  working  them.  In  working  on  thi^*' 
half -capacity  v\m  the  factory  several  times  reached  1,1(>0  tons  of  l)eeU 
daily. 

Jiesalts  at  Oxnard  during  the  year  li*00. 

Date  of  commencing  factorj'  oiHiratione 15th  of  Augnst 

Date  of  cloning  same 18th  of  October 

Number  of  dayn  operating ^ 

Number  of  acres  i)lanted  to  In-ets 7, 1>* 

Number  of  acres  of  l)eets  harvested 6,238 

Quantity  of  beets  worked tons.  -      66,  S* 

Average  cost  of  l)eots  per  ton $5.0i 

Average  yield  of  l)eeta  jkt  acre tons..  1^ 

Average  sugar  content  of  l)eet8  worked l>er  cent. .  ^^ 

Average  coefficient  of  purity ^ 

Amount  of  sugar  producetl  ^ tons.  -  9, 696-*' 

Sugar  in  process do. . .       34S.9 

Average  number  of  employees  for  the  campaign S^ 

*  Including  i»roduct  from  j>urchase<l  molasses. 
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Saxjnas. — ^The  Spreckles  Sugar  Company  is  operating  a  factory  here 
>f  3,000  tons  daily  capacity.  The  Salinas  district,  probably  more  than 
iny  other,  had  to  contend  with  the  diseases  affecting  the  sugar-beet 
jrop  during  the  past  3'^ear.  The  consequences  of  the  root  blight  or  rot 
srere  far-reaching,  both  as  to  its  present  effects  and  the  alarm  it  has 
iroused  as  to  consequences  in  the  future.  The  factory  requires  a  large 
tonnage  of  sugar  beets  daily  for  its  work.  It  has  the  largest  working 
[rapacity  of  any  factory  in  the  world,  namely  3,000  tons. 

Irrigation  was  tried  quite  extensively  in  different  sections  during 
the  past  year  with  very  favorable  results.  With  the  present  favorable 
crop  prospects  and  no  recurrence  of  the  beet  disease,  this  district  will 
have  a  large  area  in  beets  for  1901.  After  the  next  crop  it  will  be 
pK>ssible  to  know  something  of  the  effect  which  a  diseased  crop  will 
have  on  the  succeeding  crop  of  beets  on  the  same  land. 

Santa  Maria. — The  Union  Sugar  Company  is  operating  a  factory 
here  of  500  tons  daily  capacity.     The  climatic  conditions  affecting  the 
beets  grown  in  this  section  were  quite  similar  to  those  described  for 
other  factories  in  southern  California.     The  acreage  was  not  nearlj^  so 
large  or  the  tonnage  so  good  as  had  been  anticipated.     The  factory 
began  its  campaign  about  September  10  and  closed  about  November  10. 
The  company  is  taking  the  same  steps  to  solve  the  question  of  the 
future  supply  of  beets  as  are  being  taken  by  sevei-al  other  companies 
in  California.     It  is  getting  control  of  large  tracts  of  land,  which  it 
leases  to  growers.     The  factory  was  originally  designed  with  a  view  of 
increasing  the  working  capacity  to  1,000  tons.     Up  to  date  it  seems 
able  only  to  supply  itself  with  about  350  tons  daily  for  short  cam- 
paigns.    Plans  were  matured,  however,  for  securing  a  supply  of  beets 
in  the  future  and  running  the  factory  at  the  1,000-ton  capacity  for  a 
longer  campaign. 

Crockett. — ^The  California  and  Hawaiian  Sugfar  Refining  Company 
is  operating  a  factory  here  of  1,000  tons  daily  capacity.  This  factory 
is  designed  to  refine  sugar  in  addition  to  manufacturing  sugar  from 
beets.  The  supply  of  beets  this  year  was  not  very  large.  It  was  esti- 
mated to  be  about  10,000  tons,  which  gave  it  but  a  short  campaign. 

RemdU  at  Orockelt  during  the  year  1900, 

Date  of  commencement  of  campaign 1st  of  August 

Date  of  closing  same 1 5th  of  October 

Number  of  days  factory  was  in  actual  operation 15 

Number  of  acres  planted  to  V)eets 5, 800 

Number  of  acres  of  beets  harvested 2, 500 

Quantity  of  beeta  worked tons. .  8,  704. 56 

Average  yield  of  beets  per  a(!re do. . .  3. 5 

Average  sugar  content  of  Ijeeta  worked jjer  cent. .        19. 39 

Average  coeflScient  of  purity 81. 6 

Quantity  of  sugar  produced tons. .     1, 328.  7 

Number  of  employees  during  the  ciimpaigu 125 
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Alvarado  and  Watsonville. — At  Alv^arado,  Cal.,  the  Alame<k 
Sugar  Company  is  operating  a  factory  of  800  tons  daily  capacity,  and 
at  Watson vi  lie  the  Western  Beet  Sugar  Company  is  operating  a  fac- 
tory of  1,000  tons  dail}*  capacity. 

These  two  concerns  are  the  oldest  and  most  succe-ssfully  operated 
sugar  factories  in  the  State.  It  has  been  impossible  to  get  specific 
details  with  reference  to  the  history  of  last  year's  work.  The  factory 
at  Watsonville  sent  its  beets  in  1899  to  Salinas  to  be  worked  up.  It 
belongs  to  the  same  company  as  the  Salinas  factory. 

It  is  understood  that  in  1900  fairh'  good  crops  were  raised  for  both 
the  Alvarado  and  the  Watsonville  factories.  And  it  has  further  been 
announced  on  good  authority  that  the  Watsonville  factory  worked  up 
its  own  supply  of  beets  grown  the  past  season.  The  !>ountiful  soipply 
of  rainfall  and  snow  during  the  winter  has  assured  an  abundant  supply 
of  beets  for  operating  these  factories  in  1901. 

IN   COLORADO. 

Colorado  is  a  recent  acquisition  to  the  list  of  States  manufiacturiii«r 
sugar.  It  has  one  factory  that  has  operated  for  two  3'ears,  and  two 
others  that  have  worked  through  one  campaign.  These  factories  aw 
located  at  Grand  Junction,  Rocky  Ford,  and  Sugar  City.  The  Stat<» 
is  to  have  one  more  factory  (possibly  two)  to  engage  in  the  manufac- 
ture of  sugar  in  1901.  The  special  feature  of  Colorado's  sujyar  pn>- 
duction  is  that  the  beets  are  grown  abnost  cntireh*  by  irrigation.  It 
has  been  shown  so  far  as  the  factories  already  installed  in  the  State 
have  operated  that  there  are  many  advantages  in  the  pex.^iiliar  condi- 
tions that  prevail,  and  that  it  has  large  tracts  of  land  quite  similar  to  the 
districts  now  being  tested  by  these  sugar  factories.  It  is  very  pn>ha- 
ble  that  with  their  success  many  more  will  be  installed  in  the  State. 
The  beets  grown  during  the  past  year  were  ver}'  high  in  their  sugar 
content  and  purity,  averaging  throughout  the  campaign  in  one  instance 
over  17  per  cent  sugar.  It  is  the  peculiar  advantage  of  these  valleys 
that  rain  rarely  falls  after  a  certain  time  in  the  growing  season  of  the 
beets.  After  the  crop  has  been  produced  by  irrigation  it  can  be 
allowed  to  remain  in  the  soil  and  ripen  unaffected  by  rain.  This  give> 
a  better  opportunity  to  control  the  size  and  the  ripening  of  the  beet*' 
and  makes  it  possible  to  force  an  early  harvest.  It  also  avoids  more  or 
less  the  necessity  of  siloing  or  harvesting  until  beets  can  Ik*,  delivered, 
except  where  it  becomes  necessary  to  avoid  freezing. 

One  of  the  experiments  tried  in  Colorado  with  favorable  results  was 
the  growing  of  sugar  beets  as  the  first  crop  on  new  land.  The  condi- 
tions of  farming  surrounding  the  three  factories  already  installed  are 
very  much  the  same.  Fruit,  vegetables,  and  alfalfa  have  been  the 
principal  crops  previous  to  the  introduction  of  sugar  beets.  This  new 
crop  adds  value  to  the  valleys  in  that  it  increases  their  crop  resource^ 
and  offers  a  better  opportunity  for  a  system  of  rotation. 
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Grand  Junction. — ^The  Colorado  Sugar  Manufa^^turing  ^mpany  of 
his  place  has  installed  a  factory  of  350  tons  capacity.     Grand  June- 
ion  is  situated  in  a  fruit  district  in  the  Grand  River  Valley.     This 
ection   has  established  a  reputation  for  producing  a  high  quality  of 
he  different  deciduous  fruits.     During  the  two  seasons  that  beets  have 
>een  grown   for  the  factory  it  has  been  demonstrated  that  the  soil 
ivill    produce   beets  of   high   quality.     This   company  has  done   the 
3ioneer  work  of  sugar-beet  growing  for  the  State;  it  has  had  to  study 
)ut  the  methods  of  successfully  growing  this  crop  under  the  peculiar 
?onditions  that  exist;  in  doing  this  it  has  met  many  adverse  influences 
ind  shouldered  the  results  of  much  experience.     New  factories  start- 
ing in  the  State  can  naturally  take  advantage  of  facts  that  have  been 
eJready  determined,  and  it  is  probable  that  no  other  factory  will  have 
to  contend  with  as  much  as  this  one  did  in  the  beginning.     The  results 
of  the  past  year  are  a  great  improvement  over  the  one  previous.     It 
was  found  almost  impossible  from  the  beginning  to  secure  suflicient 
previously  cultivated  ground  upon  which  to  grow  the  crop  of  beets, 
most  of   the  lands  in  the  district  that  have  been  under  cultivation  for 
any  length  of  time  having  been  devoted  to  growmg  alfalfa  and  other 
well-known  crops,  or  they  had  been  planted  in  orchards,  upon  the 
profitableness  of  which  the  people  of  the  district  had  learned  to  rely. 
For  the  first  year  much  of  the  crop  of  sugar  beets  was  grown 
between  the  rows  of  these  young  fruit  trees,  and  the  double  puipose 
was  served  of  growing  the  crop  and  cultivating  the  young  trees.     This 
was  found  a  process  not  adapted  to  producing  the  best  beets.     In  many 
other  instances  the  attempt  was  made  to  reclaim  new  land  by  using 
sugar  beets  as  a  first  crop.     The  application  of  water  by  irrigation  to 
this  new  crop  was  not  well  understood  at  this  time.     The  first  year 
there  was  quite  a  serious  attack  by  insects.     The  two  years'  experi- 
ence that  the  factory  has  passed  through  will  greatly  benefit  the 
growers  of  sugar-beets  for  this  factory  and  others  that  will  be  estab- 
lished in  the  State  from  time  to  time. 

The  factory  started  up  about  September  20, 1900,  working  its  brown 
sugars  left  over  from  the  previous  campaign,  and  began  slicing  beets 
about  October  1.  The  beets  grown  in  the  district  were  quite  high  in 
sugar  content  and  purity,  the  average  in  sugar  being  over  16  per 
cent,  with  a  purity  coeiEcient  of  about  83.  Farmers  received  $4.25 
per  ton  for  their  beets  running  from  12  to  15  per  cent  sugar,  and  25 
cents  additional  for  each  additional  per  cent  or  fraction  thereof.  We 
dip  from  the  Sugar  Beet  a  new  schedule  of  prices  offered  by  this  com- 
pany, as  follows: 

Per  ton. 

Beets  with  22  per  cent  sugar $7.58i 

Beeta  with  21  per  cent  sugar 7. 25 

Beets  with  20  per  cent  sugar 6. 91} 

Beets  with  19  per  cent  sugar 6. 58J 

Beets  with  18  per  cent  sugar 6. 25 


> 
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Beeta  with  17  ^r  cent  sugar $5. 91f 

Beets  with  16  per  cent  sugar 5.3^ 

Beets  with  15  per  cent  sugar 5.  S 

Beets  with  14  per  cent  sugar 4. 91} 

Beets  with  13  per  cent  sugar 4.  ^i 

Beets  with  12  per  cent  sugar 4. 25 

SuGAB  CiTT. — The  National  Sugar  Company  is  operating  a  &etorr 
at  this  place  of  500  tons  daily  capacity.  The  factory  began  its  cam- 
paign November  16,  1900.  This  was  its  first  campaign,  and  the  show- 
ing made  is  a  wonderful  proof  of  the  resourcefulness  of  the  Arkan.*^ 
Valley  for  growing  sugar  beets.  Many  of  the  fields  were  planted  on 
new  and  untried  land.  The  results  were  a  very  high  sugar  conteot 
and  a  fairly  good  tonnage  per  acre. 

RocKYFORD. — ^The  American  Beet  Sugar  Company  is  operating  t 
factory  at  this  place  having  1,000  tons  daily  capacity.  It  began  slic- 
ing beets  October  11,  1900.  It  is  probable  that  the  results  obtained 
by  the  farming  community  growing  beets  for  this  factory  are  more 
typical  of  what  can  be  accomplished  in  the  Arkansas  Valley  than  tho^ 
given  for  Sugar  City  (which  is  near),  from  the  fact  that  conditions  are 
more  settled  and  favorable  for  producing  beets.  It  is  ceilain  that  no 
other  district  in  the  United  States  has  ever  attained  such  high  success 
in  growing  beets'  for  the  first  time  as  this  one  has.  In  fact  the  results 
would  rival  the  best  attained  by  B,ny  other  factory  district  in  its  moat 
favored  years.  The  sugar  content  of  the  beets  was  very  high  and 
the  tonnage  grown  per  acre  was  everything  that  could  be  desired. 

The  high  content  of  the  sugar  made  the  growing  of  the  crop  quite 
profitable  to  the  farmers,  since  beets  showing  this  high  percentage  are 
worth  $5  per  ton.  There  is  nothing  in  the  system  of  agriculture  pre- 
vailing in  this  district  necessitating  an  unusual  expense  in  producing 
the  crop;  and  yet  it  sterns  possible  from  the  present  year's  resultii 
that  the  district  will  be  able  to  average  as  high  as  15  tons  during 
ordinary  years.  With  this  high  quality  of  the  beet,  the  farmer  will 
receive  $5  per  ton  for  his  beets,  giving,  according  to  this  e.stiaiate, 
about  $75  per  acre,  a  net  profit  of  at  least  $45  per  acre.  These  results 
probably  reach  the  high-water  mark  of  favorable  showing  that  this 
industry  has  made  in  this  country'  up  to  date. 

Remits  at  Rochyford  during  the  year  1900. 

Date  of  commencing  factory  operations 14th  of  October 

Date  of  dosing  same IHh  of  December 

Number  of  days  operating 60 

Number  of  acres  planted  to  Ixjets 5,635 

Number  of  acres  of  beets  harvested 4, 530 

Quantity  of  beets  worked tons. .      41, ^ 

Average  cost  of  beets  per  ton H  '^ 

Average  yield  of  beets  per  acre tons. .  9.  "T 
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verage  sagar  content  of  beeta  worked j)er  i*ent. .         16. 41 

verage  coefficient  of  purity 83. 6 

mount  of  migar  produced tons. .  4, 491.  75 

ugar  in  process do. . .  106 

Fumber  of  employees  for  the  campaitrn 425 

IN    ILLINOIS. 

Pkkin. — ^The  Illinois  Sugar  Refining  Company  is  operating  a  factory 
it  this  place,  having  a  working  c^apacity  of  700  tons.    This  factorj'  has 
jone  through  two  campaigns,  both  of  which  can  be  pronounced  quite 
mcees.sful,    considering  that  they  are  the  opening  or  experimental 
years  of  the  factory.     This  State  stalled  in  the  manufacture  of  sugar 
from  sugar  beets  over  one-third  of  a  century  ago.     A  factory  was 
built  at  Champaign.     After  leading  a  precarious  existence  of  two  or 
three   vears  it  was  finallv  taken  down  and  removed  to  some  other 
locality.      It  seemed  that  the  time  was  not  ripe  for  introducing  the 
sugar  industiy  at  that  time.    The  perfection  of  the  process  and  the  condi- 
tions of  manufacture  that  obtained  at  that  time  in  manufacturing  sugar 
from  beets  w^ere  not  such  as  to  combine  with  the  system  of  agriculture 
then  in  vogue  in  Illinois.    The  system  of  farming  was  too  crude  to  take 
up  with  a  branch  of  agriculture  that  was  so  intensive.     Wild  land 
could  be  had  farther  west  for  a  merely  nominal  sum;  the  public  domain 
was  open  for  free  grazing.     Only  such  things  were  produced  as  could 
be  raised  with  the  least  effort.     Farming  meant  the  production  of 
hogs,  cattle,  corn,  wheat,  and  oats.     Now  the  situation  is  changed. 
The  range  has  gone  farther  west;  the  land  has  become  valuable,  and 
it  must  be  made  to  produce  those  things  that  will  give  the  greatest 
returns  from  small  acreage.     The  farmer  is  the  copartner  with  the 
manufacturer  of  prepared  meats,  poultry,  butter,  cheese,  and  canned 
fruits  and  vegetables.     As  a  feature  of  this  era  of  intensive  farming, 
comes  the  sugar  industry.    The  same  number  of  acres  provides  employ- 
ment for  many  times  the  same  amount  of  labor.     The  history  of  civil- 
ization is  repeated.      As  a  community  becomes  older  it  becomes  more 
populous  and  more  intensive  in  its  system  of  industries;  it  must  pro- 
vide for  more  and  more  employment  and  at  the  same  time  adjust  itself 
to  £.  system  of  production  that  can  compensate  this  extra  labor  and 
give  a  fair  return  to  the  producer. 

Illinois,  in  commencing  her  second  attempt  at  installing  the  sugar 
industry,  has  reached  this  period.  She  has  one  factory  that  is  demon- 
strating its  usefulness  to  the  agricultural  and  commercial  classes  of 
the  State.  She  has  many  more  localities  that  are  equally  fitted  for 
installing  this  industrj'^,  localities  that  have  been  thoroughly  tested 
by  the  State  agricultural  experiment  station  and  local  organizations. 
Many  of  these  places  are  on  the  eve  of  effecting  organization,  and  cap- 
italizing and  constructing  factories.  It  can  be  but  a  little  while  until 
Illinois  will  be  taking  advantage  of  these  many  opportunities  that 
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exist  in  the  State  and,  along  with  the  Statt  o  Michigan,  will  enter  xbi 
field  in  earnest,  manufacturing  sugar  and  supplying  the  great  demaad 
for  this  product.  There  is  abundant  capital  in  the  State  seekiag 
employment  to  build  the  factories  when  it  becomes  apparent  that  there 
is  profit  in  doing  so.  An  early  day  will  see  the  installation  of  many 
of  these  plants,  the  smoke  from  whose  stacks  will  indicate  that  the  c=oai 
of  the  State  is  being  consumed  in  working  up  a  product  from  her  owb 
famis,  giving  employment  to  home  labor  and  yielding  a  product  for 
home  consumption. 

The  factory  at  Pekin  is  working  the  beets  from  about  5.0(X>  ^Lcres^ 
and  is  distributing  to  the  farmers  over  J200,00(J  annually.  The  y^r 
190()  has  been  quite  dry  and  the  crop  has  not  been  all  that  could  be 
desired;  yet  there  has  been  enough  even  in  the  two  unfavorable  years 
to  convince  the  fanners  of  the  great  advantage  of  living  in  the  vicinity 
of  a  sugar  factory  and  possessing  the  privilege  of  producing  beets  for 
the  same. 

IN    MICHIGAN. 

The  showing  of  the  sugar  industry  in  Michigan  has  very  much 
improved  through  the  results  of  the  past  season.  Climatic  conditions 
throughout  the  State  have  been  very  good.  Farmers  have  gone  into 
the  work  of  this  year  with  considerable  more  intelligent  efifort.  The 
results  are  that  all  the  factories  have  been  working  on  a  very  much 
increased  supply  of  beets  which  show  a  great  improvement  in  their 
sugar  content  and  purity.  Where  the  campaign  of  ISDl^  closed  with 
almost  complete  discouragement,  now  everyone  is  feeling  highly 
pleaded  with  the  showing  made.  The  work  thrown  on  this  State  in 
one  season  of  installing  nine  sugar  factories  and  growing  the  beets 
for  them  was  a  tremendous  strain  on  its  resources.  The  farnieri<  were 
entirely  unacquainted  with  the  subject.  They  did  not  know  how  to 
take  advantage  of  favorable  conditions  or  to  ward  off  the  effects  of 
unfavorable  ones. 

In  1899  the  parties  connected  with  the  factories  were  too  much  inter- 
ested in  building  them,  in  installing  the  machinery,  and  getting  every- 
thing in  readiness  to  give  any  attention  to  the  growing  of  the  lx»et<. 
The  feeling  seemed  to  prevail  among  the  agricultui'al  chusses  of  the 
State  that  sugar  beets  as  a  crop  would  succeed  on  any  kind  of  land. 
In  many  instances  lands  were  planted  in  sugar  beets  that  had  been  a 
failure  for  some  years  in  producing  any  other  kind  of  crop.  The  most 
valuable  result  of  that  year's  work  was  the  accumulation  of  expi^rience. 

Farmers  were  prepared  to  plant  their  crop  of  sugar  beets  for  1900 
with  considerable  more  wisdom.  The  factories  installed  regular  agri- 
culturists to  supervise  and  aid  the  farmers  and  to  bring  the  two  <*las8es 
into  closer  harmony  and  union  of  interests.  The  conditions  for  grow- 
ing sugar  beets  have  been  excellent.  The  results  have  been  very  favor- 
able and  encouraging.  With  the  experience  of  the  last  two  years,  it 
can  be  safely  counted  that  Michigan  has  launched  m  a  career  of  sue- 
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essf  ul  sugar  production.  It  has  more  factories  than  any  other  State. 
The  indications  are  that  more  new  factories  will  be  started  in  Michigan 
han  in  any  other  State  in  the  near  future.  From  the  Sugar  Beet  is 
clipped  the  following  condensed  statement  showing  the  results  in  Mich- 
gan  during  the  past  year: 

Ab  the  campaign  in  Michigan  is  drawin^^  to  a  close,  an  estimate  may  be  made  of 
lie  tot'.l  output  of  all  the  factories  that  were  in  operation.  This  estimate  would  put 
;h«  figun\*<  at  50,000,000  pounds,  or  25,000  tons  of  sugar  turned  out.  The  farmers  of 
^.'ichigan  have  raised  250,000  tons  of  l>eets,  for  which  they  have  received,  in  round 
Quml)erH,  ^1,000,000. 

The  companies  whose  factories  have  been  in  operation  this  campaign  and  the 
jipproximate  amounts  of  sugar  turned  out  by  each  are  as  follow^s: 

Estimated  jtroduH  of  sugar  by  Michigan  factories  for  1900. 

Pounds. 

Michigan  Sugar  Company,  Bay  City 6,670,000 

Bay  City  Sugar  Company 12, 000, 000 

West  Bay  City  Sugar  Company 5,700,000 

Wolverine  Sugar  Company,  of  Benton  Harbor 1, 031, 265 

Alma  Bet»t  Sugar  Company 7, 000, 000 

Holland  Sugar  Company 9,000,000 

Kalamazoo  Beet  Sugar  Company 1, 500, 000 

Peninsular  Sugar  Refining  Company 7, 000, 000 

This  gives  a  total  of  approximately  50,000,000  pounds,  to  which 
must  l^e  added  the  output  of  the  Marine  Sugar  Company,  of  Marine 
City,  Mich.,  which  began  its  campaign  December  18  and  ha-s  a  work- 
ing capacity  of  300  tons  of  beets  per  day. 

It  will  be  interesting,  for  the  purposes  of  comparison  with  the  al)ove 
output  during  the  past  year,  to  examine  the  results  at  the  same  facto- 
ries for  the  previous  year.  This  will  show  the  improvement  that  has 
taken  place  in  Michigan  after  a  year's  experience  and  during  a  season 
that  was  more  nearly  normal  in  it«  crop  conditions.  The  following 
figures  are  taken  from  the  fifty-eighth  annual  report  of  the  commis- 
sioner of  the  land  oflSce  of  the  State  of  Michigan.  They  are  compiled 
from  the  returns  made  from  the  factories  to  this  office  on  their  output 
and  upon  which  the}'  based  their  claims  for  the  bounty  of  1  cent  per 
pound  under  the  then  existing  law  of  the  State: 

Prodiirt  of  ftngar  by  Michigan  fadori en  for  1899. 

Pounds. 

Michigan  Sugar  Company 7, 415,  233 

Bay  City  Sugar  O.mpany 6, 942, 132 

West  I^y  Citv  Sugar  ComiMiny 2, 095,  808 

Alma  Sugar  Company 3, 359, 3()8 

Kalamaz(K)  Sugar  Company 1 ,  440, 598 

Wolverine  Sugar  Company 1,  701, 082 

Holland  Sugiir  Company 2, 461, 919 

l>etroit  Sugar  Company'. 3, 669, 839 

Peninsular  Sugar  Refining  C^impany 4, 064,  894 

Total 33, 1 50, 873 

Total  tonn,  16,575. 
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The  conditions  in  the  State  were  so  very  siniihir  throug-hout  the  i 
various  sections  where  factories  are  located  that  it  will  be  unnecessarr 
to  describe  them  in  connection  with  any  particular  factory.      The  sup- 
ply of  beets  in  each  case  was  highly  satisfactory  and  their  quality 
good. 

Bay  City. — ^This  factory,  built  by  the  Michigan  Sugar  Company.  \ 
was  the  first  started  in  the  State,  consequently  the  campaig-n  of  ll*i>'  ' 
was  its  third.  The  factory  started  up  on  the  -tth  day  of  October.  It 
has  put  in  opemtion  the  osmose  system  of  treating  molasses;  in  fai% 
it  has  made  quite  a  number  of  improvements  since  the  fii-st  year. 
Statistics  of  the  year's  work  are  not  yet  fully  completed,  but  every 
indication  points  to  the  fact  that  the  farmers  have  very  muoh  incresused 
their  tonnage  per  acre,  and  that  sugar-beet  growing  has  been  a  very 
profitable  enterprise  for  the  season.  In  quality,  the  beets  are  hig-her 
than  any  grown  before. 

The  Bay  City  Sugar  Company  has  constructed  a  factory  at  this 
place  side  by  side  with  the  one  mentioned  above.  It  has  a  daily  capac- 
ity for  working  600  tons  of  beets.  Its  supply  of  beets  was  very  much 
increased  and  improved  in  quality  over  that  for  the  previous  campaign. 

West  Bay  CrrY. — The  West  Bay  City  Sugar  Company  is  operat- 
ing a  factor}'  at  this  place  having  a  daily  capacity  of  500  tons.  This 
factory  was  completed  late  in  1899,  and  had  a  limited  supph'  of  beets 
for  the  first  year's  campaign.  In  1900  the  supply  of  beets  was  a  great 
deal  more  abundant,  and  the  factory  was  able  to  test  its  resources 
more  effectually. 

Alma. — ^The  Alma  Sugar  Company  is  operating  a  factory  at  this 
place  having  a  capacity  of  500  tons  daily.  It  secured  an  abundant 
supply  of  good  beets,  and  started  early  on  its  contracts  with  the 
farmers  for  the  supply  for  next  campaign.  The  results  of  this  years 
work  have  convinced  the  farmers  that  sugar  beets  are  a  profitable 
crop,  and  they  are  showing  their  appreciation  of  this  fact  bj'-  readily 
entering  into  contracts  with  the  factory  for  furnishing  its  next  year's 
cupply. 

JRe.nUtf  at  Alma  for  the  year  J 900. 

Date  of  commencing  factory  operations 15th  of  October 

Date  of  closing  same 24th  of  Decenibtr 

Number  of  days  actually  in  operation ^ 

Number  of  acres  planted  to  beets 3, 200 

Number  of  acres  of  beets  harvested 3. 200 

Quantity  of  beets  worked tons. .  32, 800 

Average  cost  of  beets  per  ton $5.  ;S 

Average  yield  of  beets  per  acre tons. .     10. 25 

Average  sugar  content  of  beets  worked per  cent. .       14. 5 

Average  coefficient  of  purity 83. 47 

Amount  of  sugar  produced tons. .     3, 500 

Average  numl)er  of  employees  for  the  campaign 275 
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Kalamazoo. — The  Kalamazoo  Beet  Sugar  Company  in  operating  a 
F«u?toiy  at  this  place  having  a  capacity  of  500  tons  daily.  It  began  its 
E3^mpaign  October  9,  1900,  with  a  large  crop  of  beets  ready.  The 
5i^ield  per  acre  was  about  half  as  large  again  as  that  of  last  year,  and 
^lie  farmers  demonstrated  that  they  could  reduce  the  cost  of  produc- 
tion for  the  second  year's  crop  almost  50  per  cent.  They  also  received 
czronsiderable  advance  over  the  price  of  last  year's  beets. 

Benton  Harbor. — The  Wolverine  Sugar  Company  is  operating  a 
factory  at  this  place  having  a  daily  capat^ity  of  350  tons.  It  began  its 
champaign  October  25,  19(K).  The  supply  of  beets  for  the  factory  was 
'very  much  intn-oased  and  the  quality  of  the  same  greatly  improved. 
The  supply  for  the  campaign  was  very  nmch  less,  however,  than  it 
should  have  been.  The  factorv  closed  down  December  19  after  a  run 
of  twenty -seven  days,  slicing  7,000  tons  of  beets. 

The  company  will  make  an  energetic  effort  to  better  the  situation 
for  next  campaign.  It  is  offering  50  cents  per  ton  advance  over  the 
previous  price.  The  fai^tory  has  had  more  or  less  trouble  in  securing 
a  supply  of  beets  during  the  past  two  years.  Farmers  have  not  taken 
hold  of  the  proposition  as  activ^ely  as  in  other  places  in  Michigan.  It 
is  confidently  expected  that  the  advance  in  price  and  the  extra  effort 
the  factory  is  making  to  get  a  supply'  will  put  it  in  position  to  run  a 
full  campaign  next  year  as  well  as  a  successful  one. 

Holland. — ^The  Holland  Sugar  Company  is  operating  a  factory  at 
this  place  having  a  daily  capacity  of  350  tons  of  beets.  This  is  one  of 
the  places  that  was  especially  mentioned  last  year  as  growing  beets 
upon  inferior  or  worn-out  soils  to  a  considerable  extent.  In  making 
their  plans  for  the  season  of  1900  the  sugar-beet  growers  made  better 
selections.  The  average  tonnage  of  the  beets  produced  in  this  section 
shows  that  sugar-beet  growing  is  profitable.  In  cases  where  the  best 
lands  were  selected  and  careful  attention  was  given  to  the  cultivation 
of  the  crop,  results  were  secured  that  can  not  be  excelled  or  equaled 
with  an}'^  other  crop  on  the  farm. 

The  factory  worked  up  about  19,000  tons  of  beets,  and  paid  the 
fanners  therefor  about  $85,000.  The  acreage  planted  was  slightly 
over  half  what  it  was  the  previous  year,  but  the  supply  of  bfcets  was 
about  500  tons  greater.  The  results  were  so  favorable  to  those  par- 
ticipating in  growing  the  beets  that  the  farmers  are  anxious  to  renew 
the  experiment  and  are  readily  making  contracts  for  next  year's 
supply. 

Retndta  at  IlitUand  during  the  yenr  VJiK). 

Date  of  commencing  factory  operat i« »ns 15th  of  October 

Date  of  closing  same 24tli  of  DecemV)er 

Number  of  Jays  operating 62 

Numl)er  of  acres  plant<^d  to  beets 2, 000 

Number  of  acres  of  beeti*  harvested 1 ,  HOC 

Quantity  of  beets  worked tons. .        17, 242 

22147—01 4 
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Average  cost  of  lieets  per  ton H* 

Average  yield  of  beete  per  acre tons. .  9j 

Average  sugar  content  of  beets  worked per  cent.  ll^ 

Average  coefficient  of  purity S.« 

Amount  of  Hujrar  pro<iuced tons. .  l,6i^» 

Sugar  in  process <K> p 

Number  of  employees  for  tbe  campaign 1^' 

Rochester. — The  Detroit  Sugar  Company  has  constructed  a  factory 
at  this  place  having  a  daily  capacity  of  500  tons.  On  October  1% 
1900,  it  began  its  second  campaign.  The  beets  grown  in  the  vicinity 
showed  a  considerable  increase  in  the  tonnage  per  acre  and  sugar  con- 
tent. The  factory  closed  December  20,  being  in  operation  about  two 
months. 

The  acreage  was  considerably  less  than  that  of  the  year  previoiLs, 
but  the  output  of  sugar  was  a  little  greater.  It  was  a  favorable  year 
for  growing  the  beets,  and  the  results  were  quite  encouraging.  The 
farmers  are  entering  readily  into  contracts,  and  the  supply  for  next 
campaign  will  be  considerably  increased. 

Caro. — The  Peninsular  Sugar  Refining  Company  is  operating  a  fac- 
tory at  this  place  having  a  daily  capacity  of  600  tons  of  beets.  It 
started  on  its  campaign  October  18, 1900.  It  is  using  the  Steffi  n  proc- 
ess in  securing  the  sugar  from  the  molasses.  The  company  has  been 
at  considerable  expense  revising  and  improving  its  factory  aft^r  the 
first  year's  run.  The  results  of  growing  the  beets  in  this  vicinity  have 
been  very  encouraging.  The  average  tonnage  is  high,  tlie  sugar  quality 
of  the  beet  is  good.  The  campaign  was  closed  about  December  25, 
so  far  as  working  beets  was  concerned.  About  25,000  tons  of  \reet^ 
were  worked  during  the  run,  and  the  farmers  in  that  section  received 
about  $110,000  for  the  same. 

The  experience  of  this  factory  during  its  first  year's  run,  so  far  as 
the  amount  and  quality  of  the  beets  were  concerned,  was  much  more 
encouraging  than  that  of  any  other  factory  in  the  State.  This  was  on 
account  of  the  excellent  and  intelligent  supervision  on  the  part  of  the 
agriculturist  of  the  factory.  The  results  for  1900  have  shown  quite 
an  improvement  over  those  for  1899,  and  the  two  years  hav^e  given 
the  farmers  every  indication  that  the  factory  is  in  position  to  aid  them 
materially  and  profitably.  The  main  drawback  has  been  in  the  working 
of  the  factory  itself.  It  has  been  very  carefully  revised  and  improved 
and  it  is  one  of  the  most  successful  plants  in  the  State. 

Marine  City. — The  Marine  Sugar  Company  established  a  factory 
at  this  place  with  a  working  capacity  of  350  tons  of  beets  daily,  mak- 
ing its  first  run  the  past  season  (1900).  The  farming  community  fur- 
nishing the  beets  for  this  factory  had  the  benefit  of  the  experience  of 
the  State  in  growing  sugar  beets  for  the  other  factories  the  year  before. 
It  is  the  latest  factory  constructed  in  the  State.  For  the  firat  year's 
experience  the  beets  were  exceptionally  good  in  quality  and  quantitv, 
and  the  farmers  were  highly  encouraged  with  the  results  of  the  cro|p. 
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Some  trouble  was  experienced  in  a  few  fields'  being  overrun  with  the 
irmj  worm,  which  came  onto  the  beets  from  other  adjoining  crops. 
No  material  damage  was  done,  however.  The  farmers  learned  that  the 
beet  crop  is  subject  to  attack  b}^  this  pest,  studied  methods  for  ward- 
ing it  oflf,  and  will  be  prepared  for  such  emergencies  in  the  future. 
Along  with  the  other  beet-growing  di«tricts,  this  one  enjoyed  the 
QOinnal  conditions  for  sugar-beet  growing  that  prevailed  throughout 
the  State,  and  the  farmei*s  are  better  prepared,  and  more  inclined^  to 
engage  in  sugar-beet  growing  in  the  future. 

IN  MINNESOTA. 

St.  Loins  Park. — The  Minnesota  Sugar  Company  is  operating  a 
factory  at  this  place  of  400  tons  daily  capacity.  Minnesota  experi- 
enced an  unprecedented  drought  during  the  early  part  of  the  summer. 
At  a  time  when  the  beets  needed  rain  most  for  germination  and  for 
starting  them  on  a  vigorous  growth  it  was  very  dry.  In  many  fields 
the  beets  failed  to  come  up,  or  did  not  come  up  in  suflScient  numbers  to 
insure  a  stand.  Reseeding  was  resorted  to  in  many  cases,  and  with 
quite  good  results.  These  second  plantings  were  necessarily  late,  but 
not  infrequently  they  produced  a  good  supply  of  beets  of  good  quality. 

As  a  iTile,  where  the  beets  did  not  materialize  by  the  middle  of  June, 
the  farmers  plowed  up  the  ground  and  put  it  in  something  else.  There 
is  this  encouragement  to  be  derived  from  the  situation  in  Minnesota, 
however:  The  main  crops  upon  which  the  State  relied  for  years  were 
a  partial  failure.  This  was  especially  true  of  the  northern  half  of  the 
State.  Flax  fared  considerably  better.  Comparing  the  beet  crop 
with  these,  much  can  be  claimed  for  its  success,  as  the  yield  was  very 
much  better.  In  fact,  in  most  of  the  fields  the  sugar  beets  were  good 
where  a  stand  was  secured  in  the  spring,  and  the  farmers  continued  to 
cultivate  the  crop.  During  the  season  the  beets  were  not  attacked  by 
any  diseases  or  insects. 

The  campaign  opened  up  about  October  6  and  closed  December  2, 
lasting  fifty -eight  days,  about  half  the  time  that  it  should  have  oper- 
ated under  normal  conditions. 

Remits  at  St.  IjOuIh  Park  during  the  year  1900. 

Date  of  commencing  factory  operations 6th  of  October 

Date  of  closing  same 2<l  of  December 

Number  of  days  ofK^rating 58 

Number  of  acres  planted  to  beets 3, 000 

Number  of  acres  of  beets  harvested 1, 900 

Quantity  of  beets  worked tons. .  18, 500 

Average  cost  of  beets  per  ton $4. 85 

Average  yield  of  beets  per  acre tons. .  10 

Average  sugar  content  of  beets  worked per  cent. .  11 

Average  coefficient  of  purity 80 

Amount  of  sugar  produceti tons. .  1, 328. 2 

Sugar  in  process do 130 

Number  of  employees  for  the  campaign , 250 
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IK   NEBRASKA. 

The  general  conditions  for  growing  sugar  beets  in  the  State  were  not 
very  favorable  during  the  past  year.  In  the  early  part  of  the  summer 
Indications  were  that  a  good  crop  would  be  produced,  and  the  ^uga^ 
interests  were  looking  forward  to  a  successful  campaign  in  :>ugtr 
making. 

In  the  latter  part  of  July  there  was  an  intensely  hot  spell  that  lasted 
up  to  the  second  week  in  August.  After  this  the  beets  were  injuri- 
ously affected  in  several  ways,  which  resulted  in  material  loss  to  the 
farmers  growing  them.  In  some  cases  the  beets  would  wither  up  nnd 
become  woody,  also  quite  flexible  and  leather}';  in  other  cases  a  rot 
would  begin  with  the  taproot  following  it  up  until  the  entire  hert 
was  consumed  and  stood  a  rotten  mass  in  the  ground;  in  still  otben 
the  rot  would  l>egin  at  the  crown  and  consume  the  beet  from  the  top 
downward. 

This  period  of  misfortune  was  followed  in  the  fall  by  one  of  exces- 
sive and  prolonged  rainfall  which  interfered  with  the  ripening  of  the 
beets.  All  these  tendencies  materially  affected  the  sugar  content  and 
tte  tonnage  per  acre.  So  it  can  be  said  that  the  sugar-beet  crop  in 
Nebraska  during  the  past  year  was  far  from  a  normal  one. 

Ames. — ^The  Standard  Beet  Sugar  Company  has  a  factory  at  this 
place  of  500  tons  daily  capacity.  The  sugar  beets  are  grown  here  on  the 
rich,  heavy  bottom  lands,  while  at  Grand  Island  and  Norfolk  the  beet6 
are  grown  more  on  upland  or  sandy  soils. 

In  1900  the  Standard  Cattle  Company  of  this  place  alone  grew  2,(M.W 
Sjcves  of  the  beets,  a  little  more  than  one-thu'd  of  the  factory's  entire 
supply  of  beets. 

This  is  the  second  year's  run  for  the  factory  and  conditions  have  not 
been  normal  during  either  year.  At  seeding  time  it  was  quite  dry  and 
unf avoidable  to  germination.  This  was  followed  in  the  latter  pai  t  of 
July  and  August  with  intensely  hot  weather.  The  latter  part  of  the 
season  during  September  and  October  when  the  beets  should  have  been 
ripening,  there  was  a  heavy  mnfall  and  a  prolonged  wet  season.  The 
beets  were  slow  to  ripen,  which  retarded  the  commencement  of  the  cam- 
paign. The  excessive  wet  kept  the  beets  growing  and  was  probably 
beneficial  in  causing  a  larger  tonnage  than  might  have  been  otherwise. 

Following  the  hot  spell  in  the  summer  the  beets  in  this  section  were 
very  badly  afflicted  with  what  has  been  commonly  termed  '  *  leaf  blight" 
"  leaf  spot,"  and  "  root  blight."  It  seemed  that  all  of  these  troubles> 
were  more  or  less  present.  Indications  were  that  a  single  beet  would 
be  affected  by  all  three  of  these.  I  examined  many  fields  during  the 
latter  part  pf  September  and  noted  the  prevalence  of  these  diseases. 
Reports  from  there  afterwards  seemed  to  indicate  that  the  growing 
spell  engendered  by  the  late  rains  had  a  tendency  to  correct  some  of 
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the  bad  effects  of  the  preceding  unfavorable  conditions,  and  that  beets 
only  slightly  affected  regained  more  or  less  their  normal  condition. 

Under  the  head  of  "  Insects  and  diseases"  (p.  68)  is  given  a  review  of 
these  troubles,  made  by  a  competent  person  on  the  ground  during 
their  prevalence. 

Results  at  Ames  during  the  year  1900, 

Date  of  commencing  factory  operations 6th  of  October 

I>at4f  of  closing  same 10th  of  January 

Number  of  days  operating 102 

Number  of  acres  planted  to  beets 4, 267 

Number  of  acres  of  beets  harvested 4, 055 

Quantity  of  l)eets  worked tons. .  36, 440 

Average  cost  of  beets  per  ton $3. 90 

Average  yield  of  beets  per  acre tons, .  9 

Average  sugar  content  of  beets  worked per  cent. .  9. 59 

Average  coefficient  of  purity  . .  ^ 71. 91 

Amount  of  sugar  produced tons. .  2, 459 

Sugar  in  process do. . .  199. 2 

Number  of  employees  during  the  campaign 265 

Grand  Island, — The  American  Beet  Sugar  Company  has  }>een 
operating  a  factory  at  this  place  for  several  years.  This  factory  has 
a  capacity  of  350  tons  per  day.  The  season  started  in  quite  favorable, 
and  in  June  the  indications  were  that  a  good  crop  would  be  secured. 
In  the  latter  part  of  July  and  early  August  an  unprecedented  hot  spell 
prevailed.  This  was  followed  by  the  sugar-beet  diseases  that  have 
been  in  evidence  in  several  sections.  They  were  especially  severe  in 
the  beet  fields  surrounding  Grand  Island. 

I  went  through  a  great  many  fields  during  the  latter  part  of  Septem- 
ber. 1  estimated  that  the  ioss  from  beets  alreadv  dead  was  over  half 
the  crop,  and  the  rest  of  the  beets  were  more  or  less  affected.  The 
factory  at  this  place  did  not  open  up  during  the  campaign,  but  shipped 

its  beeta  to  Norfolk,  where  the  company  has  another  factory. 

« 

Results  at  Grand  Island  during  the  year  1900. 

Number  of  acres  planted  to  beets 2, 409 

Number  of  acres  of  beets  harvested 1, 870 

Quantity  of  beeta  worked  (shipped  to  Norfolk) Unw. .  12,  857 

Average  co«t  of  beets  per  ton $3. 68 

Average  yield  of  beets  per  acre tons. .  6. 82 

Average  sugar  content  of  l)eets  worked j>er  cent . .  12. 4 

Average  (coefficient  of  purity 79 

Norfolk. — The  American  Beet  Sugar  Company  has  a  factory  here 
of  350  tons  daily  capacity.  The  climatic  conditions  were  verj'  similar 
to  those  described  for  Grand  Island  and  Ames.  The  beets  were  attacked 
by  disease  here,  but  the  bad  efi'ects  were  not  so  pronounced  as  at  Grand 
Island,  probably  owing  to  the  fact  that  the  soils  are  much  better  able 
to  withstand  the  effects  of  drought. 
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The  factory  worked  up  the  crop  of  beets  grown  at  Grand  Islari 
along  with  the  beets  grown  for  this  factory.  It  began  operations  Octo- 
ber 8  and  closed  December  20,  having  a  campaig-n  of  seventy  davsw 
In  the  beginning  the  beets  showed  a  low  percentage  of  sugar.  It 
seems  the  factory  owners  realized  that  some  concessions  must  bemads 
to  keep  up  the  interest  of  the  farmers,  as  they  were  likely  to  be  dis- 
couraged with  the  results  of  the  crop.  So  the  following  order  was 
issued: 

Owing  to  the  fact  that  in  some  localities  the  beets  are  testing  considerably  belov 
standanly  which  is  undoubtedly  due  to  the  continued  heavy  rainfall,  we  have  deckkd 
to  vary  from  the  established  contract  prices  as  follows: 

The  purity  will  not  be  considered  in  determining  the  price,  it  beiii|^  based  on  sngir 
content  entirely.  The  15  per  cent  deduction  for  each  per  cent  or  fraction  thereof  ci 
purity  will  therefore  not  he  made.  This  means  that  a  beet  testing  12  j^er  cent  sn^ 
with  a  puritv  l>elow  78  per  cent  will  still  be  a  $4  beet,  and  likewit^e  on  lower  gnaa 
the  punty  will  not  affect  the  price  as  determined  by  the  su^r. 

Beets  testing  below  10  per  cent  sugar  and  73  per  cent  punty  wull  be  received  if  thf 
sugar  content  is  not  so  low  that  it  is  absolutely  impossible  to  use  them  in  the  factor?. 
Appreciating  the  fact  that,  at  a  price  of  less  than  $3  per  ton,  the  returns  wooLi 
be  insufficient  to  cover  the  cost  of  production,  that  shall  l>e  the  minimum  price,  aai 
any  beets  that  it  will  be  possible  to  work  will  be  received  at  that  fi^rure.  These 
changes,  of  course,  favor  the  grower  and  are  made  because  the  season  has  been  xan 
unfavorable  so  far  as  ripening  the  crop  Ih  concerned. 

JiesulUt  at  Norfolk  during  the  year  1900. 

Date  of  commencing  factory  f)perati(>nH 9th  of  <.)ctober 

Date  of  closing  same 1 7th  of  December 

Number  of  days  factory  was  in  operation 6^ 

Number  of  acres  planted  to  beets 1, 853 

Number  of  acres  of  beets  harvested 1,8*^ 

Quantity  of  beets  worked  ^ tons. .  26, 038. 9 

Average  coat  of  beets  per  t^)u $4.  SS 

Average  yield  of  beets  per  acre toiu*.  _  ?» 

Average  sugar  content  of  beets  worked per  cent . .  11. 7 

Average  coefficient  of  purity 77.9 

Amount  of  sugar  prcx-iuced tonj*. .  2, 314. 45 

Sugar  in  process t do 101.4 

Number  of  employees  during  the  campaign 216 

IN    NEW   MEXICO. 

Carlsbad. — The  Pecos  Valley  Beet  Sugar  Company  ha^  been  oper- 
ating a  factor}'  here  having  a  capacity  of  200  tons  daily.  The  beets 
grown  for  the  factory  receive  their  moisture  entirely  through  irriga- 
tion. The  water  is  taken  from  the  Pecos  River,  a  branch  of  the  Kio 
Grande.     The  factory  has  been  in  operation  for  several  years. 

One  of  the  difficulties  of  this  section  is  that  it  has  not  been  able  to 
grow  a  sufficient  variety  of  field  crops  in  order  to  carr}-  out  a  practical 
rotation.  Alfalfa  is  the  principal  crop  outside  of  sugar  beets.  The 
section  has  succeeded  well  in  vegetables  and  fruits,  especially  grapes 

*  Including  beets  shipped  from  Grand  Island. 


, 
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and   deciduous  fruits;  but  fruit  is  not  a  product  that  can  be  practi- 
cally brought  into  rotation  with  field  crops. 

Xhe  fields  of  sugar  beets  during  the  past  two  or  three  seasons  have 

been  verv  much  affected  with  what  is  termed  '*  black  root  rot."     The 

effect  of  this  was  quite  discouraging  to   the  farmers  and  factory. 

After  mature  deliberation  on  the  subject  it  was  finally  considered  best 

to  discontinue  the  growing  of  sugar  beets  for  a  while  and  plant  the 

lands  in  something  else.     It  was  thought  by  some  also  that  the  trouble 

with  the  beets  was  from  lack  of  nitrogen  in  the  soil.     It  was  therefore 

considered  advisable  to  reinvigorate  it  })y  growing  one  of  the  legumes, 

and  the  land  was  largely  sown  to  alfalfa,  it  having  been  previously 

demonstrated  that  this  is  an  available  crop  in  that  section. 

IN   NEW   YORK. 

The  development  of  the  agricultural  industries  of  the  West  has  pro- 
duced a  competition  from  which  the  farmers  of  the  East  have  suffered. 
T^he  fanners  of  the  West  engiiged  in  the  production  of  meats,  butter, 
eorgs,  and  poultry;  and  thc}-^  were  able  to  place  these  products  in  the 
Eastern  markets  at  a  lower  figure  than  that  at  which  the  New  York 
fjirmer  with  his  high-priced  land,  expensive  labor,  and  expensive  till- 
u^e,  could  afford  to  produce  them.  This  forced  the  Eastern  farmer  to 
.>tudy  the  intensive  side  of  agricultuml  production.  Canneries  of  all 
kinds  were  introduced,  also  butter  and  cheese  factories.  The  pro- 
duction of  sugar  appealed  to  this  section  as  an  industry  peculiarly 
fitted  to  its  conditions. 

Rome. — The  First  New  York  Sugar  Company  operates  a  factory 
here  of  200  tons  daily  capacity.  This  factory  started  up  about  three 
years  ago.  It  is  one  of  foreign  make  and  small  capacity.  It  was 
originally  designed  to  work  about  200  tons  of  beets  per  day  but  never 
came  up  to  that  record  in  actual  work.  It  has  since  been  overhauled 
and  very  much  improved. 

For  some  reason  the  farmers  did  not  give  the  cultivation  of  sugar 
beets  suflScient  attention  to  become  accustomed  to  the  benefits  of  grow- 
ing the  crop.  The  factory  made  a  mistake  the  first  year  in  the  quality 
of  its  seed  and  the  beets  were  low  in  sugar  and  purity.  This  had  a 
disheartening  tendency  and  it  seems  that  it  has  been  impossible  to 
work  up  enough  enthusiasm  among  the  farmers  to  keep  the  factory 
supplied  with  beets  for  any  length  of  time.  The  results  are  that  the 
industry  never  has  had  a  good  test  in  the  community.  It  is  reported 
that  there  is  a  plan  on  foot  to  reorganize  this  company  and  start  the 
factory  on  a  career  of  usefulness  in  the  near  future. 

BiNGHAMTON. — The  Bingham  ton  Beet  Sugar  Company  is  operat- 
ing a  factory  here  of  350  tons  daily  capacity.  This  factory  started  in 
with  every  indication  of  success.  The  farmers  seemed  determined  to 
give  sugar-beet  raising  a  thorough  test.     The  early  part  of  the  season 
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The  factory  worked  up  the  crop  of  beets  grown  at  Grand  hhd 
along  with  the  beets  grown  for  this  factory.  It  began  operations  Octo- 
ber 8  and  closed  December  20,  having  a  campaign  of  seventy  dajN 
In  the  beginning  the  beets  showed  a  low  percentage  of  sugar.  It 
seems  the  factory  ownera  realized  that  some  concessions  must  t)e  mjufc 
to  keep  up  the  interest  of  the  farmers,  as  they  were  likely  to  be  dis- 
couraged with  the  results  of  the  crop.  So  the  following-  order  wa^ 
issued: 

Owing  to  the  fact  that  in  some  localities  the  beets  are  testing  considerably  belor 
standard,  which  is  undoubtedly  due  to  the  continued  heavy  rain&,ll,  we  have  deckkii 
to  vary  from  the  established  contract  prices  as  follows: 

The  purity  will  not  be  considered  in  detennining  the  price,  it  being  based  on  ?opr 
content  entirely.  The  15  per  cent  deduction  for  each  per  cent  or  fraction  thereof  c^ 
purity  will  therefore  not  be  made.  This  means  that  a  beet  testing  12  per  cent  soar 
with  a  purity  below  78  per  cent  will  still  be  a  $4  beet,  and  like^'ise  on  lower  graaei 
the  punty  will  not  affect  the  price  aa  determined  by  the  su^r. 

Beets  testing  below  10  per  cent  sugar  and  73  per  cent  punty  will  be  received  if  the 
sugar  content  is  not  so  low  that  it  is  absolutely  impossible  to  use  them  in  the  iacttirr. 
Appreciating  the  fact  that,  at  a  price  of  less  than  $3  per  ton,  the  returns  wtiold 
be  insuflBcient  to  cover  the  cost  of  production,  that  shall  be  the  minimum  price,  and 
any  beets  that  it  will  be  possible  to  work  will  be  received  at  that  figure.  These 
changes,  of  course,  favor  the  grower  and  are  made  because  the  season  has  been  Fery 
unfavorable  so  far  as  ripening  the  crop  is  concerned. 

ResulU  at  Norfolk  during  the  year  1900. 

Date  of  commencing  factory  ojwrationH 9th  of  ( H-tober 

Date  of  closing  same 17th  <»f  December 

Numl>er  of  days  factory  was  in  operation 6S 

Number  of  acres  planted  to  beets 1,  SK 

Number  of  acres  of  beets  harvested 1,  JC«J 

Quantity  of  beet.s  worked ^ tons. .  26,  (J3S.  9 

Average  cost  of  l^eets  per  ton $4.  ^ 

Average  yield  of  beets  |wr  acre tom^. .  ^ 

Average  sugar  content  of  l)eets  worked per  iient . .  11. 7 

Average  coefficient  of  purity 77.  V 

Amount  of  sugar  produced ton*i. .  2, 314.45 

Sugar  in  process f do 101.* 

Number  of  employees  during  the  campaign 213 

IN    NEW   MEXICO. 

Carlsbad. — The  Pecos  Valley  Beet  Sugar  Company  has  been  oper- 
ating a  factory  here  having  a  capacity  of  200  t/Ons  daily.  The  beeb 
grown  for  the  factory  receive  their  moisture  entirely  through  irriga- 
tion. The  water  is  taken  from  the  Pecos  River,  a  branch  of  the  Rio 
Grande.     The  factory  has  been  in  operation  for  several  years. 

One  of  the  difficulties  of  this  section  is  that  it  has  not  been  able  to 
grow  a  sufficient  variety  of  field  crops  in  order  to  carry  out  a  practicai 
rotation.  Alfalfa  is  the  principal  crop  outside  of  sugar  beets.  The 
section  has  succeeded  well  in  vegetables  and  fruits,  especially  grapes 

^  Including  beets  shipped  from  Grand  Island. 
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and  deciduous  fruits;  but  fruit  is  not  a  product  that  can  be  practi- 
cally brought  into  rotation  with  field  crops. 

The  fields  of  sugar  beets  during  the  past  two  or  three  seasons  have 
l>een  verv  mui'h  affected  with  what  Ls  termed  ^' black  root  rot."  The 
effect  of  this  was  quite  discouraging  to  the  farmers  and  factory. 
Aftei-  mature  deliberation  on  the  subject  it  was  finally  considered  best 
to  discontinue  the  growing  of  sugar  beets  for  a  while  and  plant  the 
lands  in  something  else.  It  was  thought  ))y  some  also  that  the  trouble 
with  the  beets  was  from  lack  of  nitrogen  in  the  soil.  It  was  therefore 
considered  advisa})le  to  reinvigorate  it  by  growing  one  of  the  legumes, 
and  the  land  was  largely  sown  to  alfalfa,  it  having  been  previously 
demonstrated  that  this  is  an  available  crop  in  that  section. 

IN   NEW   YORK. 

The  development  of  the  agricultural  industries  of  the  West  has  pro- 
duced a  competition  from  which  the  farmers  of  the  East  have  suffered. 
The  farmers  of  the  West  engaged  in  the  production  of  meats,  butter, 
eggs,  and  poultry;  and  they  were  able  to  place  these  products  in  the 
Eastern  markets  at  a  lower  figure  than  that  at  which  the  New  York 
farmer  with  his  high-priced  land,  expensive  labor,  and  expensive  till- 
age, could  afford  to  produce  them.  This  forced  the  Eastern  farmer  to 
study  the  intensive  side  of  agricultural  production.  Canneries  of  all 
kinds  were  introduced,  also  butter  and  cheese  factories.  The  pro- 
duction of  sugar  appealed  to  this  section  as  an  industry  peculiarly 
fitted  to  its  conditions. 

KoME. — The  First  New  York  Sugar  Company  operates  a  factory 
here  of  200  tons  daily  capacity.  This  factory  started  up  about  three 
years  ago.  It  is  one  of  foreign  make  and  small  capacity.  It  was 
originally  designed  to  work  about  200  tons  of  beets  per  day  but  never 
came  up  to  that  record  in  actual  work.  It  has  since  been  overhauled 
and  very  much  improved. 

For  some  reason  the  farmers  did  not  give  the  cultivation  of  sugar 
beets  suflBcient  attention  to  become  accustomed  to  the  benefits  of  grow- 
ing the  crop.  The  factory  made  a  mistake  the  first  year  in  the  (|uality 
of  its  seed  and  the  beets  were  low  in  sugar  and  purity.  This  had  a 
disheartening  tendency  and  it  seems  that  it  has  been  impossible  to 
work  up  enough  enthusiasm  among  the  farmers  to  keep  the  factory 
supplied  with  beets  for  any  length  of  time.  The  results  are  that  the 
industry  never  has  had  a  good  test  in  the  community.  It  is  reported 
that  there  is  a  plan  on  foot  to  reorganize  this  company  and  start  the 
factory  on  a  career  of  usefulness  in  the  near  future. 

BiNGHAMTON. — The  Binghamton  Beet  Sugar  Company  is  operat- 
ing a  factory  here  of  350  tons  daily  capacity.  This  factory  started  in 
with  every  indication  of  success.  The  farmers  seemed  determined  to 
give  sugar-beet  raising  a  thorough  test.     The  early  part  of  the  season 
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of  1900  was  quite  dry.  This  was  followed  by  good  rains  in  June,  ani 
the  sotu^on  on  the  whole  was  fairly  favorable  for  the  production  of  a 
crop.  The  supply  of  l)eets  for  the  factory  was  increased  about  hilf 
over  that  of  the  previous  year. 

Experience  is  telling  in  favor  of  the  production  of  sugar  beets  in 
the  farming  districts  available  to  this  factory.  They  are  grown  in  an 
area  surrounding  the  factory  having  a  mdius  of  about  75  miles.  The 
larger  farmers,  or  those  putting  in  the  largest  acreage  of  beets,  have 
had  much  the  best  success  in  raising  the  cixjp,  showing  that  responsi- 
bility is  a  feature  in  growing  this  crop.  The  small  farinei"s  who  grew 
them  as  a  sort  of  experiment  or  an  incidental  crop  have  not  done  ^so 
well.  But  it  is  upon  the  showing  made  by  the  farmers  who  have 
grown  them  as  a  crop  and  expended  suflScient  labor  and  moncj-  to  pro- 
duce them  that  the  results  must  be  judged.  Fortunately  no  sug»r- 
beet  diso^ise  worth  mentioning  appeared  in  this  district,  and  insects 
were  no  more  active  than  is  usual  with  growing  crops. 

The  factory  is  able  to  dispose  of  its  pulp  as  fast  as  it  is  produced  at 
50  cents  per  ton;  it  is  taken  generally  by  farmers  returning  home 
after  delivering  beets;  but  considerable  pulp  is  shipped  out  in  carload 
lots.  On  guaranteed  contracts  the  factor}'  can  realize  $1  per  ton.  It 
seems  evident  that  it  is  only  a  question  of  a  short  time  when  this  fac- 
tory will  ])e  able  to  dispose  of  all  its  pulp  at  this  figure. 

The  factory  began  operations  October  8  and  closed  about  the  middle 
of  Januarv. 

Results  at  li'mghamtim  during  the  year  1900. 

Date  of  oommencement  of  factory  operations 8th  of  October 

NninlKT  of  acres  planted  to  beets 2, 30O 

Nniiil>er  of  acres  of  beets  harvester! 1, 900 

Quantity  of  beets  worked tons. .  19» OflO 

Average  cost  of  beets  }ier  ton 15. 00 

Average  yield  of  l)eets  per  ac^re tons. .  10 

A verage  sugar  content  of  l.)eets  w< >rked per  cent . .  13 

Average  coefficient  of  purity SI 

Amount  of  sugar  produced tons. .  1, 160 

Sugar  in  process do 90 

Number  of  employees  during  the  campaign I3u 

Lyons. —The  Empire  State  Sugar  Compan}"  is  operating  a  factory 
hero  of  ()00  tons  daih'  capacity.  Last  year  (1900)  was  it**  fii^st  cam- 
paign. It  made  contractM  with  the  farmers  for  about  5,000  acres  of 
boc^ts.  Several  hundred  acres  had  been  grown  in  the  county  during 
previous  years  for  the  factories  at  Rome  and  Binghamton.  The  sea- 
son was  very  good,  and  the  beets  produced  were  considerably  above 
the  average  tonnage  of  localities  growing  beets  for  the  first  time. 
The  average  sugar  content  and  purity  ranged  above  the  requirement 
for  factory  purposes.  The  experience  this  year  indicates  that  every- 
thing is  favorable,  and  with  the  knowledge  already  derived,  the  factory 
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rill  be  able  to  sustain  itself  and  mark  out  a  c^rcei'  of  usefulness  in  the 
ugar  industry. 

Results  at  Lyons  durin/j  the  year  1900. 

>ate  of  commencement  of  factory  operationH 16th  of  Octol)er 

>a.te  of  closing  same 25th  of  January 

^^■umber  of  days  oijerating 101 

Tiunber  of  acres  of  beets  planted 4,  .SOO 

dumber  of  acres  harvested 4, 000 

2ii4Siiitity  of  beets  worked tons. .  35, 000 

Average  cost  of  beets  i>er  ton |5. 00 

Average  yield  of  beets  j)er  acre tons. .      8.  75 

Average  sugar  content  of  beets  worke<i |K^r  (rent. .       12. 8 

^.verage  coefficient  of  purity 81. 9 

\jTiount  of  sugar  produce<l tons. .     2, 500 

STumber  of  employees  during  the  campaign 150 

IN  OHIO. 

P^REMONT. — ^The  Continental  Sugar  Company  is  operating  a  factory 
be  re  of  350  tons  daily  capacity.  This  section  had  grown  ])eets  more 
OX"  less  in  a  practical  way  during  the  season  of  1899,  The  season  of 
19O0,  or  the  growing  part  of  it,  was  very  favorable  to  the  growth 
of  this  crop.  In  making  the  selection  of  land  upon  which  to  plant  the 
beets,  the  farmei"s  in  many  instances  made  the  mistiike  that  character- 
ized Michigan's  first  attempt.  The  farming  section  is  an  old  one  and 
the  lands  have  been  in  cultivation  a  good  while.  Many  of  them  are 
becoming  quite  exhausted  of  their  native  fertility.  The  impression 
prevailed  that  sugar  beets  were  a  crop  that  would  thrive  on  these 
exhausted  lands.  The  error  was  discovered,  however,  by  the  year's 
experience,  and  the  section  will  show  much  better  results  in  the  future. 
Better  selections  of  land  will  )>e  made  next  vear. 

ft- 

A  fair  tonnage  was  produced,  (considerably  better  than  that  shown 
in  Michigan's  first  attempt,  owing  to  the  ivLvt  that  climatic  conditions 
were  better  and  farmers  knew  more  about  the  crop  than  did  those  of 
Idichigan  during  their  first  attempt.  The  company  really  experienced 
more  difficult}'^  than  the  farmers.  The  fall  rains  were  excessive. 
They  continued  to  a  later  period  than  usual.  The  beets  were  kept 
growing  and  not  allowed  to  ripen.  This  helped  the  tonnage  of  the 
farmers,  but  lowered  the  sugar  content  of  the  beets.  The  results 
were  sufficient  to  encourage  the  farmers  to  contiiuie  the  enterprise, 
and  the  factory  will  undoubtedly  have  a  sufficient  supply  for  its  next 
campaign.  With  better  climatic  conditions  and  with  the  exptn-ience  of 
last  year's  effort,  beets  will  be  grown  cheaper  and  better  in  ever}'  wa}'. 

The  enterprise  can  be  congratulated  on  having  passed  its  experi- 
mental year  with  quite  favorable  results.  It  has  put  Ohio  in  the  list 
of  sugar-producing  States.  There  are  many  districts  in  the  State 
where  this  industry  can  be  esta})lished;  there  is  a  large  local  demand 
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for  this  product,  cheap  ti*ansportation,  a  fine  quality  of  coal,  and  J. 
other  facilities  for  cheap  production.  It  must  be  looked  upon  »-  & 
State  promising  much  in  the  future  development  of  the  sugar  industn. 
The  fa<*tory  began  its  campaign  October  26,  19(X),  and  worked  of 
the  beets  grown  on  about  2,600  acres. 

IN  OREGON. 

Lagrande. — The  Oregon  Sugar  Company  established  a  factory  at 
this  place  having  a  daily  capacity  of  360  tons.  This  is  the  only  factorr 
in  the  State,  and  it  made  its  third  campaign  in  1900.  Oregon  was  <m 
of  the  leading  States  in  investigating  its  conditions  for  producing 
sugar  })oots.  Its  experiments  have  been  continuous  for  a  serie;*  d 
years.  It  has  been  clearly  shown  that  there  are  several  sections  in  tie 
State  well  adapted  to  the  establishment  of  this  industry,  but  none  d 
them  up  to  this  time  have  taken  advantage  of  these  conditions  excepl 
Union  County,  where  this  factory  is  located.  The  matter  has  ?i«*d 
agitated  in  other  places;  partial  organizations  have  been  effected,  l»at 
without  material  results. 

The  factory  at  Lagi'ande  has  been  laboring  under  more  or  le?5 
adverse  conditions  from  the  beginning.  Along  with  the  rest  of  the 
coast  region,  it  has  been  experiencing  a  continuous  and  unprecedent^ 
period  of  drought,  covering  three  years.  There  has  not  been  as  murh 
continuous  dry  weather  for  many  years.  The  factory  was  construct4*d 
soon  after  the  period  began  and  has  never  had  the  opportunity^  to  show 
the  results  that  might  be  attained  under  normal  conditions.  The 
farmers  hoped  each  year  that  these  conditions  would  return,  and  sugar 
beets  were  planted  along  with  other  crops  only  to  be  followed  succe?- 
sively  with  inferior  returns.  Everything  points  to  more  favorable 
prospectts  for  1901;  rains  and  snows  have  been  copious,  and  they  are 
looking  forward  to  a  more  prosperous  year. 

Another  ])ackset  to  the  growing  of  sugar  beets  resulted  from  the 
attempt  of  the  farniei*s  to  grow  beets  on  tracts  too  large  for  l^eginners. 
It  was  found  that  the  amount  of  labor  required  and  the  cost  of  pro- 
duction far  exceeded  those  of  any  other  crop  to  which  they  were 
accustomed.  This  had  a  discouraging  tendency.  Those  intei"ested  in 
growing  sugar  lieets  in  any  new  locality  should  encourage  the  planting 
of  smaller  fields.  After  the  farmer  has  grown  them  for  two  or  three 
seasons  he  discovers  what  the  requirements  will  be  in  the  way  of 
labor,  etc.,  and  then  he  can  increase  his  acreage  as  his  experience  and 
resources  fit  him  to  perform  the  task.  He  should  begin  on  the 
smaller  plats  and  work  up  to  the  larger  ones  through  a  series  of  year^. 
and  not  follow  a  reverse  process,  as  it  is  feared  has  been  the  tendency 
at  Lagrande. 

This  locality  has  also  suffered  more  or  less  from  lack  of  sufficient 
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iiid  qualified  laborers  to  take  care  of  and  harvest  the  sugar-beet  crop. 
An  attempt  was  made  during  the  last  growing  season  to  bring  in  a  lot 
of  «Tapancse  in  order  to  fill  this  demand.  The  past  season  has  been 
quite  dr}'  and  unfavorable,  but  on  harvesting  the  crop  it  was  found  that 
the  beets  were  better  in  quantity  and  quality  than  had  been  anticipated. 
The  factory  itself  has  been  thoroughly  revised  and  put  in  shape  for 
taking  care  of  a  sufficient  supply  of  beets  when  the  climatic  conditions 
shall  be  more  favorable.  It  began  its  campaign  October  1.  Many 
good  yields  have  been  reported  and  the  average  is  fairly  good. 

Results  at  Lagrande  during  the  year  1900, 

Date  of  commencing  factory  operations Ist  of  October 

Date  of  closing  same 5th  of  November 

Number  of  days  oj>erdting 36 

Number  of  acres  planted  to  Inlets 1, 803 

Number  of  acres  of  beets  harvested 1, 760 

Quantity  of  beets  worked tons. .  9, 097 

Average  cost  of  beets  per  ton $4. 50 

Average  yield  of  beets  per  acre tons. .  5 

Average  sugar  content  of  beets  worked per  cent. .     14. 2 

Average  coefficient  of  purity 84. 1 

Amount  of  sugar  produced tons. .  994. 9 

Sujjar  in  process bags. .      800 

Number  of  employees  for  the  campaign 150 

IN   UTAH. 

The  climatic  conditions  were  very  unfavorable  for  growing  sugar 
beets  or,  in  fact,  any  other  crop  in  Utah  during  the  past  year.  While 
the  growing  of  sugar  beets  is  accomplished  largely  through  irrigation, 
yet  irrigation  is  dependent  on  the  amount  of  rain  and  snow  which  falls 
in  the  mountains  in  the  winter.  Especially  is  it  dependent  upon  the 
snowfall,  since  this  melts  gradually  and  moves  down  the  streams  and 
is  conducted  out  into  the  irrigating  ditches  and  turned  onto  the  fields 
during  the  growing  season.  The  snowfall  in  Utah  was  unprecedentedly 
light,  and  the  State  has  not  suffered  in  drought  so  much  in  thirty  years. 

The  State  has  grown  beets  so  long  and  its  resources  for  producing 
them  are  so  well  known  that  it  may  be  considered  as  established  that 
drought,  disease,  and  insect  pests  are  about  the  only  things  that  can  cut 
off  an  assured  crop.  During  the  past  season  the  injurious  influences 
which,  affected  the  beets  in  other  sections  were  not  felt  in  this  State, 
only  in  a  small  way  hardly  worth  mentioning.  Up  to  the  present  time 
there  has  been  no  serious  trouble  with  insect  pests.  The  irrigating 
facilities  are  so  admirably  arranged  that  no  serious  consequences  can 
come  from  a  summer  drouth.  It  is  only  the  lack  of  sufficient  fall  of 
snow  in  the  mountains  in  the  winter  (the  original  supply  of  moisture) 
that  can  seriously  affect  the  beet  crop  in  Utah.     This  failure  of  snow- 
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fall  in  the  mountains  happened  in  the  winter  of  1899—1900,  and  I2r 
result  was  a  poor  crop  of  sugar  beets  the  past  year. 

Lehi. — ^The  Lehi  Sugar  Company  established  a  factory  of  350  t/o^ 
at  this  place  in  1891.  It  is  the  pioneer  factory  of  the  State,  and  ht 
grown  all  its  beets  from  the  beginning  through  the  aid  of  irrigatioa 
Experience  has  shown  that  rainfall,  when  it  can  be  had  on  the  growinj^ 
crop,  is  preferable.  Irrigation  is  held  off  and  simply  used  as  a  k^ 
resort  when  the  supply  of  rain  is  not  forthcoming.  It  has  aIiK>  hem 
demonstrated  that  sugar  beets  can  be  veiy  easily  overirrigated.  Itl^ 
been  one  of  the  main  difficulties  to  keep  the  farmers  from  giving  their 
beets  an  oversupply  of  water.  The  experience  of  this  enterprise  (U 
probably  furnish  more  reliable  information  on  growing  sugar  beefe 
by  irrigation  than  any  other  source  in  the  country. 

Through  the  establishment  of  its  pipe  lines  for  conveying  juice  froni 
substations  to  the  main  factory,  it  occupies  a  unique  position  in  :^ugir 
making  in  this  country.  It  has  two  slicing  stations,  one  at  Springvilk, 
22  miles  south,  the  other  at  Bingham  Junction,  19  miles  north.  Thfee 
auxiliary  stations  simply  extract  the  juice  and  transfer  it  to  the  factory 
through  the  pipe  lines.  The  original  working  capacity-  of  the  main 
factory  of  350  tons  of  beets  per  day  was  increased  350  tons  by  the 
establishment  of  each  one  of  these  auxiliary  plants.  This  gives  a  toud 
capacity  of  about  1,050  tons  of  beets  per  day  at  the  present  time.  The 
resources  for  sugar  making  of  this  factory  are  most  carefully  studitnl 
and  managed.  During  the  campaign  just  closed  it  worked  up  50,*XR» 
tons  of  beets  and  produced  therefrom  5,700  tons  of  white  granulated 
sugar.  It  had  secured  the  planting  of  quite  a  large  aci-eage,  but,  owin^ 
to  the  causes  already  mentioned,  the  tonnage  was  quite  light,  averaging 
only  8  tons  per  acre,  as  compared  with  12i  tons  the  year  previous. 

It  is  quite  probable  that  the  company  will  build  another  auxiliarr 
plant.  It  aims  to  secure  the  planting  of  8,000  acres  in  beet^t  for  1H1>1, 
and  will  pay  25  cents  more  per  ton,  based  on  the  same  rating  for  sugar 
and  purity  as  last  year. 

A  feature  in  which  this  company  excels  is  the  production  of  high- 
grade  beet  seed.  Its  production  last  year  was  about  40  tons.  It  began 
this  enterprise  several  years  ago.  Its  experience  has  clearly  shown 
that  high-grade  seed  can  be  produced  in  this  country.  Beetj  from 
such  seed  are  grown  under  the  same  conditions  as  the  beets  which  pro- 
duced the  seed,  and  better  results  are  secured  than  from  importeil 

seed. 

Along  with  the  rest  of  the  mountain  region  including  the  coast, 
Utah  has  experienced  a  heavy  fall  of  snow  and  rain  during  the  present 
winter  (1900-1901).  The  main  needs  of  the  sugar-beet  grower  are 
already  assured,  and  it  is  probable  that  this  factory  will  perform  the 
task  of  working  up  as  much  as  100,000  tons  of  beets  next  season. 
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Results  at  Lehi  during  the  year  1900. 

hite  of  commencing  factr>ry  oix'rations 27th  of  September 

)ate  of  closing  same 10th  of  December 

fumber  of  acres  of  l)eet«  liarveated 6, 250 

tuantity  of  beets  worked tons. .  50, 000 

Lverage  cost  of  beets  per  ton $4. 50 

iverage  yield  of  beets  i>er  a<;re tons. .  8 

Lverage  sugar  content  of  Ix^ets  worked ix»r  cent- .  14 

Lverage  (X)ef!icient  of  purity 82 

amount  of  sugar  produced tons. .     6,  700 

(Xjden. — ^The  Ogden  Su^r  Company  has  established  a  factory  at 
his  place  having  a  daily  capacity  of  350  tons.  It  completed  its  second 
ampaign  this  last  year  (1900).  It  met  the  same  adverse  conditions  as 
lave  been  already  described.  It  succeeded,  however,  in  securing  about 
i8,000  tons  of  beets,  from  which  it  produced  about  2,900  tons  of  sugar. 

The  factory  had  planned  to  start  up  the  last  of  September,  but  in 
his  particular  section  tomatoes  are  extensively  produced  for  canning 
mrposes,  and  since  this  crop  is  much  more  perishable  and  requires 
nore  immediate  attention,  the  farmers  were  inclined  to  get  it  out  of 
he  way  first.  The  sugar  fac*.tory  succeeded  in  making  its  regular 
)eginning  about  October  3.     It  closed  its  campaign  December  11. 

The  farmei-s  received  this  year  a  flat  rate  of  $4.25  per  ton  for  the 
)eets.  This  would  distribute  about  lHl9,000  in  cash  among  the  farni- 
irs  of  that  section.  The  beets  were  a  little  better  in  their  sugar  con- 
sent, but  lower  in  their  tonnage  per  acre  than  those  grown  for  the 
factory  hist  year. 

It  has  been  planned  for  some  time  to  double  the  capacity  of  the  fac- 
tory. With  the  present  outlook  for  producing  a  crop  of  beets,  this 
i^ill  probabl}-  be  accomplished  before  the  campaign  of  1901. 

IN   WASIIINOTON. 

Waverl.y. — The  Washington  State  Sugar  Company  is  operating  a 
factory  at  this  place  of  350  tons  daily  capacity.  Along  with  the  rest 
of  the.  mountain  and  coast  region,  this  section  has  experienced  an 
unprecedent*^d  drought  during  the  past  year.  The  average  yield  of 
beets  is  about  8  tons  per  acre.  But,  as  has  been  shown  in  other  local- 
ities similarly  affected,  the  beets  have  a  very  high  percentage  of  sugar, 
ranging  over  17  per  cent,  with  a  purity  coefficient  averaging  over  86. 

The  factory  is  anticipating  much  better  conditions  for  next  year  and 
18  making  a  strenuous  effort  to  increase  its  supply  of  beets.  Pledges 
were  made  by  the  Commercial  Club  of  Spokane  to  furnish  the  product 
of  1,000  acres  planted  in  that  vicinity  next  year.  The  manager  of  the 
factory  agreed  to  pay  $4  per  ton  for  beets  yielding  12  per  cent  sugar 
and  25  cents  extra  for  each  additional  per  cent  of  sugar  shown.     He 
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Vt>  ^r?»^a  J*-'«^'*.  —  T*!**  "*••«"  rj  x:  M»  r- -rniR^-e  FalU,  ^rhioh  bt 
?♦— T  '^jiif  jil.»-  inr^  31-  -  nrCr^-c:»  ^  ::l  1"^V"7.  Itis  been  b«>u«j'ht  up  V 
1  ^**^w  -r'liicMa'  I"  aat-  &  ^  rs'^-.r  ':A{Xk:hT  of  ?wV»  tons  of  heefc*  daiJj 
I"  ▼-  I  ^t*  :o?ri3-*i  iHT*  7-«^  '"  j  i^i?  Wi^.^xi^in  ^Mi^ar  Company.  Itb 
if^r:i*X  i^  z^'C  z  a  f  r  *»HfC*  *2.«i  pfcTir.^  ao  additional  amount  od ft 
r".*-»n:r  -*'^»**  'ik-^i  ri  "iz**  -c^rtr  ••»  c:r--u  ::p  lu  fk5  for  lieet>  showing  1? 
T^T  —I*  c  '^-r  Ti»*  fi.  IT*  f  tCL>*fa^-torr  lo  «»|>i»rate  in  th^  piet 
liii.-  iii»i  1  >7'-^-**:-i:r  -»*-»*'^  <i  i^t*  :ni-:-<Ty  in  Ww-on^in.  That  SoUf 
-•  w^.,*^^  z:n.i7  J  ^-zk^  T»*^  *"ii^''->  f  'r  :t^  intr^xiut-iion.  This  new  ton 
ii«v-T  "7  i::*-  f 4*  o  ^7  AS  >['C«  ci-^v  Fill--  w'll  pn>>«ihlj  haive  luuci 
-f -*  5  n  TV       irur  :T>r«*<  :t  si^ir^kr  pn»iu«-::*»n  in  lh»»  Stato. 

Fa-7IORT  EjrniKPRisES. 


'  z^ATt-id  with  activity  on  the  |fcirt  of  kn^til  orjrani- 
m:  •  cs  4z.»i  -.nk^'iil-^s^  Macr  i>»w  pn»;*^t>  have  materialized  into 
i.  r:i^  :mjiLiu.rj  '^  4.-0  cAp:talizati*^n.  f^.»lK»wed  hv  ei»ntnu*ts  for  buiW- 
i"^  ^*^  c.-r-.-^  f  r  :::-  v^kzij^ti'ini  of  l:*»l.  Several  other  pn>jeet'5  are  oc 
til-  ►T-:  f  .1  - -uTj^i^:: .  c,  -i*>  that  we  i-an  l«K>k  to  the  coming' year  ^ 
o"»r  t-r-.-.-i"-^  ni'.rv  r.-rw  fi^^torie-i  than  any  prvi-eding  ^"ear.  This 
^  Tiviry  i-  ::.  t  o  cdr.^'i  to  any  ^rticiilar  section,  hut  appears  ^neraJlj 
ir.  all  ptirts  of  :h«?  >Ui:ar-**ieet  crrowin^  territory. 

S?v^nkl  th':- j>-  have  united  to  make  faotoiy  huilding  a  rather  cautimfii 
ar.d  tv.n^rvative  pr»>.vss.  Capitalists  have  waited  to  gather  as  full 
and  o»cipi-le  itfomiation  a-*  pov>ihle  relative  to  the  ability  of  tk 
iiidu-try  to  ju>tify  the  claims  made  for  it.  Thev  have  waited  anxioii>lT 
for  the  development  of  the  policy  that  shall  prevail  totiching  the  impor- 
tation of  sugar  fn-^ni  our  insular  possessions.  A  more  intiimte 
aii^uaintance  with  our  own  resources,  along  with  a  more  settled  con- 
virtion  retrarding  the  future  career  of  the  island  sugars,  has  jrivoD 
fai-tory  building  a  more  healthful  status.  We  can  consider  that  the 
era  of  fa<'torA'  building  has  been  finally  and  permanenth^  inaugurated. 

In  outlining  the  increase  in  available  output  of  sugar  for  each  ve»f 
it  must  be  remembered  that  this  takes  place  not  onlv  through  install- 
ing new  factories,  but  through  the  extension  of  the  I'apacity  of  thoe< 
already  established.  There  are  but  few  fiu'tories  in  this  coantrj  tlus 
have  not  doubled  or  trebled  their  capacity  after  the  first  year  or  twci 


PROGRESS    OF    BEET-SUGAR    INDUSTRY,   1900.  63 

'hose  that  have  not  done  so  are  making  every  arrangement  to  do  so. 
tiis  doubling  up  as  it  occurs  should  be  credited  to  the  year's  work  in 
Eietory  building.  It  adds  as  much  to  the  increase  of  sugar  production 
s  if  new  factories  had  been  installed  representing  a  capacity  equal  to 
he  increase.  We  shall  have  occasion  to  mention  in  this  list  of  new 
Titerprises  this  extension  of  capacity  where  known. 

The  following  is  a  brief  review  of  the  new  factory  enterprises 
rranged  in  the  order  of  the  States  in  which  they  are  located: 

IN   COLORADO. 

As  attention  has  already  been  called  to  the  results  attained  in  the 
Lrkxinsas  Valley,  Colorado,  where  sugar  }>eets  were  grown  and  new 
actories  were  in  operation  the  past  year  at  Rocky  Ford  and  Sugar 
IJity,  but  little  need  be  said  in  this  connection. 

The  American  Beet  Sugar  Company  established  a  factory  at  Rocky 
Ford  having  a  daily  capacity  of  1,000  tons.  In  order  to  secure  a  supply 
>f  beets  the  company  controlled  most  of  the  land  and  leased  it  to  the 
Farmers  at  $4  per  acre,  the  company  furnishing  the  implements. 
A. bout  4,000  acres  were  put  under  irrigation  and  cultivation.  Irriga- 
tion appears  to  have  prevented  injurious  attacks  of  insect  pests. 

The  Denver  Kews  said  at  the  close  of  the  campaign  with  reference 
to  this  factory: 

The  American  Beet  Sugar  Company  finished  paying  to-day  for  October  l>eet8. 
The  sum  of  |152,000  has  Ijeen  paid  to  the  farmers.  Instances  are  numerous  of 
profita  of  $100  per  acre  net  and  few  are  realizing  less  than  $50.  The  American  Beet 
Sii|^r  Company  is  so  well  satisfied  that  the  soil  and  climatic  conditions  in  this  valley 
are  just  right  for  the  raising  of  beets  of  high  percentage  of  sugar  that  arrangements 
are  already  al>out  completed  t^)  double  the  capacity  of  the  Rocky  Ford  factory. 

This  was  the  first  year;  the  yield  was  high  and  the  quality  was  good. 
Til  is  region  presents  a  vast  amount  of  territory  available  for  growing 
the  same  kind  of  beets,  and  sev^eral  projects  are  on  hand  to  establish 
factories. 

At  Sugar  City,  in  the  same  vallc)^  near  Rocky  Ford,  another  fac- 
tor\'  was  started.  Most  of  the  beets  covering  2,500  a(*res  were  planted 
oil  sod  land,  which  was  put  to  the  test  of  growing  a  crop  of  sugar  beets 
the  first  year.  As  an  item  showing  the  power  of  this  industry  in 
building  up  communities,  the  following  is  quoted  from  the  Denver 
Republican: 

Sugar  City  is  a  new  town  in  the  ArkanRas  Valley  which  has  grown  np  in  conse- 
quence of  the  establishment  of  the  beet-sugar  industry  in  that  vicinity.  The 
National  Sugar  Beet  Company  is  erecting  a  factory  at  that  point  and  many  farmers 
in  the  neighborhood  have  planted  beet  crops  for  the  purpose  of  supplying  the 
factory,  which  will  be  completed  this  fall  (1900). 

Already  Sugar  City  has  a  population  of  over  1,200  and  mechanics  have  more  than 
they  can  do  erecting  houses  for  the  inhabitants,  some  of  whom  are  living  in  tents. 
It  is  expected  that  there  will  be  a  large  addition  to  the  population  before  the  end  of 
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the  Slimmer,  and  everything  nhown  that  a  prtiHfiennLs  community  has   l»eeii  ArMed  a 
the  numl)er  of  Colorado  towns.     The  results  of  the  es<tablistiment  <if    the   tw^t 
industry  in  one  j^art  of  the  State  in  Huggestive  of  what  may  lie  looked    for  m-fi«j 
pnHluction  of  Rugar  l)e<'omeH  one  of  Colorado'**  great  pource*^  of  wealth. 

The  hiHtoiy  of  Sugar  City  will  be*  r(*])eated  in  larger  a^lditiom*  to  exi^^tin^  o»aiiu3&.- 
ties,  if  not  in  the  i'stablishnient  of  new  <*enterH  of  population.     Grand  Junt^~ 
where  a  sugar  factory  was  erected  bwt  year,  is  enjoying  greatly  in<*reaste«l   prufpersr 
an<l  the  same  is  true  of  Rocky  Ford,  where  another  large  fai^tory  is?  in   ttmiT»  t 
construction. 

In  (California  the  iutro<hiction  of  this  industry  in  different  {lartsof  the  ^^tate  4«aj«^. 
ratlical  inij)n)venients  in  the  coniinunities  thus  favoretl,  ami  valleys  previa Hi5»Iy  littir 
better  than  <lest»rts  were  made  to  support  lai^e  }>opulations. 

Colorado  is  inlM)th  climate  and  soil  so  well  atlapteci  tx»  the  grL>wth  of  :<ugair  UrS 
that  no  one  can  doubt  that  it  will  take  a  leading  place  among  sugar-prndiu-ingStaiSft^ 
Then>  is  a  sufficiently  large  market  within  and  tributary  to  thb<  Slate  t4>  supi»«»ft» 
dozen  or  more  factories,  each  of  which  would  exert  a  stinmlatiiig  influents  like  th^ 
8e<»n  at  Sugar  City  and  in  other  localities  where  the  industry  has  l>een  started!. 

Hero  a^aiii  exj)eru*nco  with  irrij^tion  demonstrated  that  it.<  appii- 
aition  wa-s  a  ^o(kI  niean.s  of  destroying  obnoxious  insects  that  attark 
the  lHM*ts. 

For  some  y(»ars  exi)eriments  have  been  c^irriexi  on  in  the  vicinity  of 
Loveland,  C'olo.,  to  test  the  availability  of  this  section  for  producing 
sugar  }>eets  of  jjocxl  quality  and  quantity.  Favorable  conditions  wen- 
shown  so  far  as  experiments  could  demonsti'at^?  the  same.  The  Love- 
land  Suj^ar  C'Ompany  was  organized  and  offered  ♦LlXH)  in  prizes  to 
sugar-lH»et  growers  for  more  effectually  making  these  tests.  The  beet< 
grown  were  to  be  delivered  to  the  factory  at  Gnin<l  Junction.  Prizes  ] 
were  distributed  iis  follows: 

F<ir  the  iK*rson  growing  the  most  HUgar  on  5  acres:  First  prize,  $125;  8ett>nd  priiK.    I 

$75;  thinl  j)rize,  $50.  ( 

For  the  person  growing  the  most  sugar  on  10  acres:  First  prize,  $175;  i^*ct»nil  pri»,    ^ 

$125;  third  prize,  ^50.  j 

For  the  jn^rson  growing  the  most  sugar  on  15  acres:  First  prize,  $200;  Kt*ond  ynst,  ] 
$150;  thinl  prize,  $50. 

The  results  of  these  prize  tests  were  so  highly  siitisfactorv  that  mp- 
italists  of  I)(Miver  and  (\)lonuio  Springs  organized  a  company  and  ix)n-   , 
tracted  for  a  plant  having  a  daily  capacity  of  1,000  tons.     Contract 
were  secured  with  the  farmers  for  growing  the  supply  of  beet^^  and 
the  factory  will  l)e  in  operation  in  the  campaign  of  1901. 

IN    INDIANA. 

Last  year  a  company  was  organized  to  establish  a  factory  at  North 
Judson.  Ck)ntracts  for  several  thousand  acres  of  beets  were  made 
with  the  farmers.  The  beets  were  to  }>e  grown  in  1900  for  use  in  the 
campaign  of  the  factory  in  the  fall.  For  some  reason  this  enterprise 
fell  through,  and  arrangements  were  made  to  have  the  beets  growB 
for  the  factory  at  Pekin,  111.,  and  some  of  the  factories  in  Michigan. 
The  question  of  building  a  factory  was  put  over  to  1901.     This 
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liven  the  farmers  some  useful  experience.  1  have  been  informed 
everal  times  by  the  projectors  of  this  enterprise  that  the  factory  will 
urely  be  built.  It  will  be  a  factory  of  rather  large  capacity,  and  it 
eill^lace  Indiana  in  the  list  as  a  sugar-producing  State. 

Shelby,  Ind.,  is  also  growing  beets  commercially  upon  quite  an 
ixtensive  scale  for  factories  outside  the  State.  This  place  has  been 
vorked  up  to  the  point  of  establishing  a  factory  for  some  time.  Stock 
las  been  subscribed  to  the  amount  of  $500,000.  Parties  owning  large 
iracts  of  land  in  this  vicinity  are  interested.  The  factory  will  be  built 
ind  in  operation  for  the  campaign  of  1901. 

IN  IOWA. 

In  Iowa  there  are  many  projects  under  consideration  for  introducing 
iie  sugar  industry  into  the  State.  There  is  scarcely  a  neighborhood 
n  the  northern  half  that  has  not  been  accurately  tested  through  the 
efforts  of  the  State  agricultural  experiment  station  and  local  organiza- 
tions. It  has  been  demonstrated  that  most  of  the  places  tested  are 
ivailable  for  growing  a  good  quality  and  high  tonnage  of  beets.  The 
aurety  of  a  crop  is  an  item  in  favor  of  this  section.  These  experi- 
ments have  been  so  numerous  and  so  thorough  that  localities  are  prac- 
tically resting  on  facts  already  ascertained,  awaiting  the  action  of 
capitalists  looking  for  desirable  places.  Active  effort  has  centered  in 
a  few  places — Clear  Lake,  Iowa  Falls,  Storm  Lake,  Mason  City,  and 
Fort  Dodge.  These  places  all  have  active  local  organizations.  Each 
of  them  grew  from  150  to  200  acres  of  beets  on  1  to  5  acre  patches 
for  the  Minneapolis  factory  during  1900.  1  visited  many  of  these 
fields  just  before  the  harvest  and  never  saw  better  looking  beet  fields. 

This  was  the  first  practical  effort  of  these  farmers,  and  the  expense 
was  higher  than  necessary.  Had  the  beets  been  produced  at  an  ordi- 
nary expense,  the  net  profits  of  many  of  the  fields  would  have  pur- 
chased the  ground  the  beets  grew  upon.  The  establishment  of 
factories  at  several  or  all  of  these  places  may  be  looked  for  in  the  near 
future.  Certainly  no  other  places  could  present  a  stronger  array  of 
advantages  when  we  consider  the  facilities  for  manufacture — cheap 
raw  material,  a  large  and  assured  crop  every  year,  and  an  available 
market. 

IN  MICHIGAN. 

Michigan  seems  destined  to  occupy  the  first  place  in  sugar  produc- 
tion. The  present  is  her  third  year  in  experience  in  this  work.  She 
already  has  ten  factories  in  operation  and  seems  likely  to  start  several 
more  in  the  near  future.  This  is  one  of  the  favorable  indications  of 
the  progress  of  the  industry.  Results  already  obtained  by  the  facto- 
ries at  work  appeal  to  capitalists  for  continued  investment. 

The  capital  has  been  subscribed  for  building  a  factory  at  Salzburg, 
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a  suburb  of  Bay  City.  The  new  feature  about  this  con  ^em  i.**  that  i 
is  cooperative  to  a  considerable  degree.  About  1,000  farmers  bxrt 
invested  in  the  stock  and  are  to  pay  for  the  same  in  beets.  The  fir 
tory  will  be  erectt^d  in  1901,  and  wall  have  a  daily  capacity  of  5<»  teat*. 

The  Saginaw  Sugar  Company  was  organized  at  Sag-inaw  witii  a  cap- 
ital of  $3()0,0CK).  The  majority  of  the  stockholders  are  from  Sag-in^v. 
Some  of  the  stock  was  taken  in  Cleveland,  liav  Citv,  Chebov*ran,  and 
Cairo.  The  contract  has  been  let  for  building  a  $500,IM>0  factory,  hay- 
ing a  daily  capacity  of  iyOO  tons. 

The  Lansing  Sugar  Company  was  organized  at  Lansing-  with  a  cap- 
ital of  ^3(H),()()0.  Contracts  have  been  secured  from  the  farmers  lo 
produce  the  beets  and  the  contract  for  building  the  factory  has  been  let 

There  is  a  strong  probability  of  establishing  factories  at  Dun<lpeaiid 
St.  Clair  in  the  near  future.  It  is  claimed  that  the  monev  has  beea 
partially  raised  for  building  factories  at  both  of  these  places.  Manj 
other  placi»s  are  in  indefinite  stages  of  factory-locating  development 

IN    NORTH    DAKOTA. 

A  sugar  company  has  been  organized  at  Fargo.  A  finance  committee 
is  proceeding  with  the  work  of  raising  capital  and  securing-  contract^* 
with  the  farmers  for  growing  the  beets.  Indi<iations  point  to  the  suc- 
cess of  the  enterprise. 

IN  OREGON. 

The  citizens  of  Nowberg,  Oreg.,  have  secured  contracts  with  the 
farmers  for  growing  6,000  acres  of  beetii  on  representation  of  capital- 
ists that  a  factory  will  be  built  if  contracts  are  secured.  It  is  prob- 
able that  a  factoiy  will  be  built  here  for  the  campaign  of  1901.  It  t 
to  cost  $800,000  and  will  be  located  on  the  banks  of  the  Willamette 
River. 

IN   UTAH. 

The  Utah  Sugar  Company,  of  Lehi,  last  yenr  trebled  itiii  working 
capacity  for  the  purpose  of  working  up  the  juice  from  the  two  auxil- 
iary plants  established,  one  22  miles  south,  at  Springville,  the  other  11^ 
miles  north,  at  Bingham  Junction.  The  factory  is  planning  to  put  in 
another  auxiliary  plant  about  14  miles  south,  using  a  pipe  line  already 
established. 

These  auxiliary  plants  simply  extract  the  juice  from  the  beets  and 
tninsfer  it  to  the  main  factory  through  pipelines  for  further  treatment 

A  company  w^as  organized  at  Logan  and  a  factory  is  now  building 
with  a  daily  capacity  of  350  tons.  Contracts  with  the  farmers  have 
been  secured  for  growing  4,000  acres  of  beets. 

The  Utah  Sugar  Company,  of  Lehi,  is  planning  to  build  a  factory 
in  Sanpete  County,  125  miles  south  of  Lehi,  to  be  in  readiness  for  the 
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unpaign  of  1902.     The  arrangciiients  have  been  inade^  with  every 
robability  of  materialization. 

The  O^deu  Sugar  Company  has  completed  plans  for  doubling  the 
apacity  of  its  plant. 

IN    SOUTH    DAKOTA. 

At  Aberdeen  there  has  been  much  activity  for  some  time  in  an 
ittempt  to  secure  a  sugar  factory.  The  local  organization  has  several 
iimes  had  under  consideration  propositions  from  Eastern  capitalists. 
Segotiations  have  been  constantly  directed  toward  the  establishment 
)f  a  factory.  The  following  is  clipped  from  the  Oxnard  Courier,  of 
California: 

T.  C.  R.  Crowell  has  offered  to  build  a  $600,000  l)eet-8ugar  factory  at  Abenleen, 
S.  Dak.,  if  the  citizens  will  Hul)scribe  for  $200,000  of  the  stock,  donate  a  Hite  of  20 
acn^  of  land,  exempt  the  property  from  taxation  for  twenty  vearH,  and  guarantee 
that  the  farmers  will  province  8,000  acres  of  beets  a  year.  If  erecte<l,  the  factory  will 
be  a  brick  and  stone  affair,  nix  stories  high,  and  175  by  400  feet.  A  committee  of 
citizens  has  been  appointed  to  take  the  matter  in  hand,  see  about  securing  a  sufficient 
beet  acreage,  and  also  to  attend  to  everything  that  will  have  to  be  arranged  before 
the  factory  can  be  looked  vou  as  a  settled  fact. 

A  company  organized  to  build  a  factory  at  Oakes,  N.  Dak.,  has  been 
incorporated  under  the  State  laws  of  New  Jersey  with  a  capital  of 
15600,000.  The  contract  has  been  let  for  building  a  plant  with  1,000 
tons  daily  capacity. 

Seveinl  other  places  will  probably  mature  plans  for  entering  the 
field  of  sugar  manufacturing  in  1^02.  The  two  mentioned  above  will 
pave  the  way,  and  demonstrate  what  can  ])e  done  in  South  Dakota  in 
this  direction.  This  will  afford  the  other  places  abundant  information 
for  materializing  their  -^lans. 

IN    WIS(X)NSIN. 

Several  years  ago  a  factor^'  was  built  at  Menomonee  Falls  purport- 
ing to  have  a  daily  capacity  of  850  tons.  This  effort  was  the  one  fail- 
ure of  fa<!tory  building  in  the  United  States  in  recent  years.  The 
availability  of  its  fanning  district  had  been  thoroughly  tested  by  the 
State  agrii^ultural  experiment  station  at  Madison.  Contracts  were 
made  with  the  farmers  to  grow  about  3,000  acres  of  l)eets.  The  fac- 
tory was  built,  but  was  very  late  in  its  completion.  The  farmers  grew 
a  good  supply  of  desirable  beets.  These  l>eets  were  delivered  to  the 
factory.  Owing  to  its  not  being  completed,  the  beets  were  siloed  in 
the  ground  surrounding  the  factory. 

The  factory  had  a  very  adverse  C4ireer  from  the  beginning.  It  stjirted 
up,  made  a  few  pounds  of  sugar  of  poor  quality,  closed  down,  and 
passed  into  the  hands  of  a  receiver.  There  it  has  remained.  It  began 
the  work  of  its  camjjaign  late  in  the  winter.     It  was  found  that  the 
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beets  were  rotting  in  the  ground  and  deteroriating.  This  was  ^ven 
as  one  of  the  reasons  for  the  failure  of  the  factory.  The  loss  to  the 
farmers  who  grew  the  beets  was  almost  a  total  one.  Several  eflForb? 
have  been  made  to  revive  the  enterprise,  but  none  matured  until  the 
present  one.  Farmers  hesitated  to  grow  beets,  remembering  their  past 
experience.  This  factory  has  been  bought  up  by  a  new  company, 
reorganized  with  new  capital,  and  is  being  overhauled  and  put  into 
shape  for  the  campaign  of  1901.  The  farmers  demanded  a  security 
bond  of  $25,000  guaranteeing  payment  for  their  beets.  These  con- 
ditions have  been  met,  and  Wisconsin  is  to  enter  the  list  of  active  sugar 
producing  States. 

Indications  are  favorable  for  the  establishment  of  factories  at  Green 
Bay  and  Canary. 

IN   OTHER   STATES. 

There  are  many  places  in  other  States  besides  those  mentioned  above 
where  the  subject  of  establishing  factories  has  received  very  careful 
attention.  In  some  cases  factories  are  on  the  eve  of  materializing. 
Probablv  several  communities  will  be  able  to  establish  factories  in  time 
for  the  campaign  of  1901  or  1902.  I  have  made  every  endeavor  to  get 
data  regarding  these  proposed  factories,  but  have  not  been  able  to  get 
definite  information.  They  are  scattered  throughout  the  sugar  belt, 
east  and  west,  some  in  New  York,  some  in  Indiana,  Ohio,  and  Illinois. 
California  has  two  or  three  well-matured  plans,  the  details  of  which 
have  not  yet  been  given  to  the  public,  but  they  will  probably  result  in 
the  establishment  of  more  factories  in  that  State  in  the  near  future. 

Insects  and  Diseases  Affecting  Sugar  Beets. 

There  is  no  royal  road  to  industrial  accomplishments.  The  experi- 
ence of  the  beet-sugar  industry  during  the  past  year  has  been  such 
that  it  is  thoroughly  alive  to  this  axiom.  The  conditions  of  climate 
throughout  the  whole  of  the  country  has  been,  to  say  the  least, 
peculiar.  Most  all  of  the  regions  record  periods  that  were  intensely 
hot,  followed  or  preceded  by  heavy  rainfall.  The  crops  developed  an 
abnormal  tendency  to  disease  and  an  unusual  amount  of  attack  by 
their  insect  enemies.  The  diseases  that  seemed  most  destructive  came 
in  the  form  of  root  blights,  root  rots,  and  leaf  blight.  There  has 
seemed  to  prevail  all  the  ordinary  troubles  that  usually  aifect  a  crop 
of  beets  more  or  less,  but  the  damage  from  these  has  not  been  exten- 
sive. In  addition  to  this,  there  seems  to  have  been  at  least  three  dis- 
tinct diseases  resulting  in  blight  and  rot,  the  symptoms  and  effects  of 
which  were  ditferent  in  the  different  localities.  In  places  these  dis- 
eases have  produced  quite  serious  results,  in  some  instances  destroying 
the  entire  crop,  and  in  others  resulting  in  greater  or  less  injury  to 


FB0GRES3    OF    BEET-SUGAR   INDUSTRY,   1900.  69 

the  crop.  These  be«t  diseases  were  serious,  both  in  California  and 
Nebraska. 

There  has  been  a  tendency  on  the  part  of  the  public  to  classif}-  those 
diseases  under  the  head  of  ''  root  blight"  or  ''  root  rot."  Their  serious- 
ness has  been  such  as  to  arouse  considerable  alarm  among  the  factory 
people.  Some  have  gone  so  far  as  to  send  agents  to  Europe  to  investi- 
gate the  diseases  affecting  beets  there,  and  the  means  used  to  eliminate 
the  same.  Considering  it  to  be  a  matter  of  importance  to  accumulate 
as  nearl}'  as  may  be  all  available  information  regarding  the  diseases 
and  insect  enemies  of  sugar  beets,  I  inmiediately  entered  into  corre- 
spondence with  the  State  experiment  stations,  calling  their  attention 
to  the  injuries  to  the  beet  crops.  I  asked  that  the  botanists  and  ento- 
mologists secure  specimens;  visit  the  fields  where  practicable;  study 
the  different  forms  of  disease  and  the  insects  prevalent;  ascertain  the 
manner  of  attack,  the  symptoms  indicating  the  same,  and  the  cause. 
I  also  insisted  that  the  first  prerequisite  in  entering  into  this  contest 
with  the  enemies  of  the  beet  crop  was  an  accurate  outline  of  each  dis- 
turbing element,  defining  plainly  the  symptoms  and  name  with  any 
treatment  that  might  meet  the  situation. 

In  the  pages  following  the  results  of  the  investigations  made  by 
these  experts  are  given  at  some  length  in  order  that  a  beginning  may 
be  made  in  the  compilation  of  authenticated  data.  These  attacks  ai'e 
bound  to  recur  from  time  to  time.  As  the  industry  grows,  these  dis- 
eases may  spread  with  it,  and  it  is  possible  that  we  will  have  others 
with  which  we  have  not  yet  had  any  considerable  experience. 

There  are  insects  and  diseases  affecting  other  crops  which  may  find 
in  this  new  one,  when  it  becomes  extensive  and  common  throughout 
the  country,  a  fertile  field  for  attack.  The  beet  may  present  the  very 
condition  necessary  for  stimulating  their  propagation,  growth,  and 
increase.  The  habits  of  life  and  modes  of  reproduction  are  known  to 
the  scientists.  It  is  well  to  make  the  results  of  their  investigations  as 
available  as  possible  in  order  that  those  interested  may  be  equipped 
with  a  knowledge  of  the  same  and  the  best  methods  of  combating 
them. 

It  will  not  do  to  become  discouraged  and  relinquish  our  efforts 
because  of  these  difficulties.  In  other  lines  of  agricultural  industry 
similar  difficulties  must  be  met,  such  as  scale  on  the  fruit  crop;  rust, 
smut,  chinch  bugs  in  the  cereal  crops;  scab^  rot,  and  nematodes  in  the 
root  crops.  These  have  been  matters  of  careful  study,  and,  through 
vigilance  and  right  methods  of  prevention  and  exteimination,  we  are 
able  to  bring  our  annual  quota  of  these  products  to  the  markets. 

The  writer  personally  investigated  the  diseases  affecting  the  beet  crop 
in  many  sections  of  the  country.  The  one  that  appeared  most  destruc- 
tive came  in  the  form  of  a  root  rot.  This  disease  seems  to  affect  the 
whole  plant,  and  after  it  has  developed  for  a  time  is  transmitted  to 
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surroundinf^  l)oets,  especially  those  in  the  same  row.  After  a  littk 
expiM-ieiice  it  is  very  eas}'  to  detect  the  beets  affected.  The  outside 
leaves  turn  black  and  die  away;  the  leaves  in  the  center  of  the  crown 
have  a  dark  green  color,  grow  short  and  present  a  curly  appearance. 
In  the  substance  of  the  leaf  between  the  veins  appear  raised  plaee> 
presenting  a  blistered  appearance.  A  condition  that  is  always  shown 
in  affected  beets  is  the  dark  rings  which  appear  outlining  the  fibro- 
vascular  bundles.  When  the  beet  is  ci'oas-sectioned,  these  dark  ring* 
are  (juite  pronounced,  showing  up  quite  plainly  against  the  ashen  color 
of  the  other  tissues  of  the  beet.  If  the  beet  is  cut  across,  after  a  few 
minutes,  these  rings  become  much  darker.  In  case  of  beets  in  which 
the  disease  has  developed  for  some  time,  a  black  substance  seems  to 
exude  from  these  rings  and  deposit  itself  upon  the  surface. 

The  sugar  content  of  the  beet  inins  down  quite  materially  as  the 
disease  progresses.  Finally,  the  beet  becomes  completely  deca\"ed,  the 
rotting  beginning  with  the  tap  root  and  progressing  up  the  beet^  There 
is  a  tendencv  for  the  leaves  to  become  less  in  size  and  more  curlv  in 
appearance  as  the  rotting  process  continues.  The  lea%'es  tinally  die: 
the  top  and  the  whole  beet  is  consumed  and  stands  a  rotten  mass  in 
the  ground.  During  the  progress  of  the  rotting  quite  an  odor  can  be 
detected. 

There  seems  to  be  another  disease  affecting  the  beets  that  is  a  modi- 
fication of  this  one.  The  curled  leaves  are  present,  also  the  dark  ringi? 
are  found  by  cross  section,  but  the  rotting  begins  in  the  crown  and 
goes  down.  The  disease  described  above  appears  to  be  the  one  investi- 
gated by  the  experiment  station  at  Purdue  University,  Indiana.  Tbi> 
was  the  work  of  the  botanists,  Dr.  J.  C.  Arthur  and  Miss  Katherine  E. 
Golden,  the  inv(»stigations  cov^ering  the  3^ear8  1891  and  1892  and  being 
published  in  bulletin  form.*  A  very  exhaustive  account  of  the>e 
investigations  ha,s  recently  been  prepared  by  Clara  A.  Cunningham. 
The  determinations  of  Dr.  Arthur  and  Mias  Golden,  as  outlined  bv 
Miss  Cunningham,  represented  the  disease  as  being  of  a  germ  origin. 

I  noticed  another  affection,  which  seems  to  be  distinct  from  the  one 
above.  The  leaves  turn  black  and  die  down,  leaving  the  root  in  a  very 
withered,  flexible  condition.  The  root  and  the  tissue.s  of  the  same  take 
on  a  dark-yellow  cast,  but  there  is  not  the  tendenc}^  to  rot. 

There  is  another  disease  that  appears  to  be  quite  prominent  that 
affects  the  leaves,  and,  consequently,  the  growth  of  the  beet  But  my 
examination  of  this  was  too  limited  to  justify  an  attempt  to  desoribo  it 

The  sum  total  of  the  damage  done  by  diseases  to  beets  throug-houl 
the  countiT  during  1900  was  not  one  of  vital  moment.  But  it  indicates 
that  the  beet-growing  industry  is  not  going  to  escape  the  diseases 
which  have  prevailed  throughout  Gennany,  France,  and  other 
countries. 


^Bul.  No.  39,  Indiana  State  Expt.  Station. 
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Among  the  pi'actical  questions  to  be  determined  in  connection  with 
bacterial  diseases  of  beets  arc  the  following:  Is  it  safe  to  plant  a  crop 
of  beets  the  following  year  on  land  producing  an  infected  cropf  Will 
freezing  destroy  the  germs ^  Will  plowing  aid?  Should  this  land  be 
planted  in  something  else?  What  can  be  done  by  the  farmer  to  rid 
the  lafid  of  the  infection  ?  How  long  should  sugar  beets  be  kept  off 
the  land{  These  are  questions  of  vital  importjince  to  the  farmer 
which  the  experiment  stations  might  investigate. 

REPORTS   OF   SCIENTISTS. 

In  response  to  communications  sent  to  scientific  workers  in  several 
State  experiment  stations  the  following  reports  were  received,  which 
will  be  very  interesting  and  helpful  to  sugar-beet  growers  and  those 
interested  in  the  sugar  industry.  These  reports  cover  most  of  the 
diseases  affecting  sugar  beets  in  this  country,  and  especially  those  that 
w^ere  prevalent  during  the  past  season. 

A  BAcrrKKiAL  Disease  of  thk  Sfgar  Beet. 

I  reproduce  here  part  of  an  article  bearing  the  above  title,  prepared 
by  Clara  A.  Cunningham  and  read  before  the  Society  for  the  Promo- 
tion of  Agricultural  Science  at  the  Boston  meeting,  August,  1898. 
The  work  of  Miss  Cunningham  was  the  continuation  and  comph^tion 
of  an  investigation  and  study  made  by  Dr.  J.  C.  Arthur  and  Katherine 
E.  Goldefi,  and  published  in  the  form  of  a  bulletin  by  the  State  agri- 
cultural experiment  station  of  Purdue  University.  This  article  by 
Miss  Cunningham  appears  to  cover  completely  the  disejuse  that  was 
most  virulent  and  least  understood,  and  which  appeared  among  the 
sugar  beets  in  Nebraska  and  California  the  past  season.  The  symp- 
toms of  the  disease  and  the  facts  concerning  its  progress  and  develop- 
ment are  very  accurately  described  in  this  article,  which  was  sent  to 
me  by  Dr.  Arthur  himself  in  response  to  a  letter  of  inquiry.  I  con- 
sider it  a  valuable  compilation. 

The  letter  of  Dr.  Arthur,  together  with  the  article  of  Miss  Cunning- 
ham, follows: 

Pi;rdiie  ITnivkrsity  Aoricultural  Experiment  Station  op  Indiana, 

Ixifayette,  Ind.,  Jtinuary  8,  1901, 
Dear  Sir:  I  have  just  returned  from  my  holiday  vacation,  and  find  your  letter  of 
2lHt  ultimo  awaiting  me.  What  appears  to  pa.S8  under  the  name  of  root  rot  of  beets 
cloe.s  not  seem  to  occur  in  this  region,  at  least  it  has  not  ho  far  attracted  my  attention. 
A  disease  which  occurs  each  year  to  a  limited  extent  has  been  discusned  in  the  bulle- 
tins of  this  station  as  a  bacterial  disease.  1  send  you  herew^ith  an  account  of  it  by 
Miss  Cunningham,  which  needs  no  additional  comment. 

Yours,  truly,  J.  C.  Arthur. 

In  the  autumn  of  1890  Prof.  H.  A.  Huston,  chemist  of  the  Indiana  experiment 
station,  noticed  that  the  analysis  of  some  sugar  beets  showed  a  much  lower  percent- 
age of  sugar  than  others,  and  the  difference  seemed  to  be  associated  with  a  slight 
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change  from  the  usual  appearance  of  the  tissues  of  the  root  This  observation  led 
to  a  microscopical  examination  of  the  affected  beets  by  Dr.  J.  C.  Arthur,  who  dis- 
covered the  presence  of  bacteria  in  the  tissues,  to  which,  after  further  study,  wa* 
attributed  the  abnormal  condition  of  the  beets.  During  the  year  1891-92  the  char- 
acteristics of  the  disease  were  studied  by  Dr.  Arthur  and  Miss  Katherine  £.  Groldenu 
and  the  results  published  in  the  form  of  a  bulletin  in  1892. 

This  preliminary  series  of  investigations  determined  that  the  disease  was  associated 
with  a  specific  germ,  which  could  be  readily  isolated  from  the  diseased  tissue. 

No  similar  disease  of  the  beet  had  been  reported  from  any  other  locality  in  America 
at  the  time  of  the  publication  of  this  work.  Dr.  Ernest  Kramer  in  1891  reported  a 
bacterial  disease  of  the  beet  root  attacking  the  fodder  beets  of  Russia,  and  alnoost 
simultaneously  Dr.  Paul  Sorauer,  of  Germany,  reported  a  disease  of  the  sugar  beet  of 
that  country.     In  the  Export  of  1894,  Dr.  Sorauer  gives  his  opinion  that  the 


of  the  fodder  beet,  named  by  Kramer  Bacteriosis  gummosisy  and  that  of  the  sugar  beeC 
similarly  named  by  himself  Bacleriose  gummom^  are  identical,  and  perhaps  very 
closely  related  to  the  bacterial  disease  of  sugar  cane  known  as  *'sereh." 

The  diseased  beets,  as  observed  in  Russia,  are  described  as  having  dried  leavBs 
with  withered  heart  leaves.  The  roots  of  badly  diseased  beets  were  so  toogh  they 
could  scarcely  be  broken,  the  broken  surfaces  soon  turning  black.  These  beets  pit»- 
duced  a  pathogenic  effect  on  cattle  to  which  they  were  fed.  Many  of  the  diseased 
lx*etfl  when  first  sectioned  appeared  perfectly  sound,  but  after  a  few  minates  the 
fibro vascular  bundles  turned  dark  and  a  sirup-like  gum  exuded  from  the  oelis.  In 
other  beets  the  tissue  was  soinetimes  completely  broken  down. 

Dr.  Sorauer  says:  "The  similarity  between  the  beet  and  the  sugar-cane  diseaK, 
^sereh/  consi.sts  in  the  destruction  of  the  cane  sugar  and  the  increase  of  the  invert 
sugar  as  well  as  the  coloring  of  the  vascular  bundles  and  the  entrance  of  bacteria.'' 
He  also  believes  that  the  disease  discovered  in  America  by  Arthur  and  Golden  may 
be  the  same  as  that  determined  by  Kramer  and  himself  in  Europe. 

Mr.  Walter  Busse,  in  1895,  took  up  anew  the  study  of  the  Bacteriogis  gummosU  of 
the  sugar  beet,  the  material  for  study  being  sent  him  by  Dr.  Sorauer.  In  describing 
the  diseaseil  root  he  speaks  of  the  gum-like  fluid  as  follows:  "Soon  after  the  drops 
appear  on  the  surface  of  the  sectioned  beet  they  are  covered  by  a  thin  black  mem- 
brane, which  consists  of  small,  black,  round  bodies  of  different  sizes." 

The  aim  of  Mr.  Busse  was  first  to  determine  the  form  of  bacterium  common  to  all 
the  diseased  beets  by  the  separation  of  the  germ  from  the  diseased  tissue,  and  second, 
to  demonstrate  that  this  was  the  specific  cause  of  the  disease  by  inoculating  healthy 
beets  with  the  germ.  In  the  first  series  of  experiments  three  germs  were  isolated 
Two  of  these  were  discarded  and  the  third  form  was  kept  for  further  obsem- 
tion.     *    ♦    * 

Mr.  Busse  is  inclined  to  believe  that  the  second  form  is  a  variety  of  the  first,  which 
he  designates  as  Bdcilltut  betie.  He  has  demonstrated  that  this  second  form  produces 
the  disease  known  as  Bacteriom  gummosiSy  and  believes  that  this  germ  is  a  saprophyte, 
whi(;h  becomes  a  parasite  in  the  tissues  of  the  beet 

Erwin  F.  Smith,  in  speaking  of  the  bacterial  diseases  of  the  sugar  beet  as  reported 
from  Europe  and  America,  is  of  the  opinion  that  the  diseased  condition  of  the  beets 
studied  by  Arthur  and  Golden  is  due  to  some  other  cause  than  a  bacterial  one.  He 
states  that  it  is  highly  improbable  that  the  root  could  be  attacked  by  an  organism 
which  invades  its  tissues  and  yet  does  not  break  them  down.  Mention  is  made  of 
the  fact  of  the  presence  of  small  bodies  in  the  tissue  of  healthy  beet  roots  which 
have  the  appearance  of  bacteria,  but  which  are  probably  crystalloid  bodies.  A  paper 
by  Dr.  Smith  was  pre8ente<l  at  the  meeting  of  the  Society  for  Plant  Morphology  and 
Physiology  in  December,  1897,  calling  attention  to  the  existence  in  parts  of  the 
United  States  of  a  disease  of  the  sugar  beet  resembling,  if  not  identical  with,  that 
described  by  Kramer  and  Sorauer  in  1891-92  and  more  recently  by  Busse. 
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In  the  fall  of  1896  I  had  the  opportunity  to  continue  the  investigation  of  the  bac- 
terial disease  of  the  sugar  beet  observed  in  Indiana  in  1890-91.  Muc^h  of  the  value 
of  my  experimental  study  of  this  disease  is  due  to  the  suggestions  of  Dr.  Arthur,  to 
whom  I  am  indebted  for  kindly  help  and  criticism  of  my  work.  I  also  desire  to 
express  my  gratitude  to  Professor  Burrage,  Professor  Huston,  Miss  Golden,  and  Mr. 
H.  L.  Bryan,  also  of  Perdue  University,  for  important  suggestions.  My  investiga- 
tions, which  have  been  continued  from  1896  to  the  present  time,  have  resulted  in  no 
positive  evidence  that  the  sugar-beet  disease  of  Indiana  is  the  same  as  that  described 
by  Sorauer  and  Buase,  of  Europe.  The  points  of  similarity  will  be  noted  in  the  fol- 
lowing description  of  the  disease  and  of  the  germ  by  which  it  is  produced: 

About  the  middle  of  September,  1896,  several  diseased  beets  were  found  in  the 
field  of  cultivated  beets  on  the  grounds  of  the  Perdue  experiment  station.  The  dis- 
ease attacks  the  whole  beet  plant,  causing  a  peculiar  appearance  of  the  leaves,  so 
that  with  a  little  practice  the  diseased  beets  can  be  distinguished  readily  from  the 
healthy  ones  as  they  grow  in  the  field.  The  outer,  older  leaves  soon  die  away,  and 
the  intermediate  and  heart  leaves  are  left  wrinkled,  curle<i,  rather  flabby  than 
tnigescent,  and  of  a  yellowish-green  color.  This  wrinkled  appearance  is  caused  by 
blister-like  patches  being  formed  between  the  veins  of  the  leaf,  and  the  whole  has 
been  described  as  resembling  a  Savoy  cabbage  leaf. 

The  appearance  of  the  exterior  of  a  beet  root  when  diseased  is  not  materially  dif- 
ferent from  that  of  the  healthy  beet.  It  is  perhaps  not  quite  as  brittle.  A  decisive 
test  for  the  disease  is  found  in  the  appearance  that  the  root  shows  when  sectioned. 
The  fibrovascular  bundles  appear  as  dark  rings  in  the  white  flesh.  They  grow 
almost  black  after  being  exposed  to  the  air  for  a  few  minutes.  These  rings  are  quite 
distinct  from  the  cream-colored  fibrovascular  bundles  of  healthy  l^eets. 

In  1896,  in  a  field  of  beets  covering  an  area  of  about  1  acre  and  containing  approxi- 
nmtely  130,000  beets,  11  badly  diseaseti  and  several  slightly  affected  ones  were 
found.  This  was  a  smaller  number  than  had  been  found  on  the  same  ground  in  pre- 
vious years,  and  can  perhaps  be  accounted  for  by  the  climatic  conditions  l)eing  so 
favorable  to  plant  growth  the  preceding  summer,  there  being  an  abundance  of  rain. 
The  number  of  diseased  beets  increased,  however,  toward  harvest  time. 

Frost  seems  to  be  much  more  injurious  to  the  diseased  than  to  the  healthy  beets. 
The  heart  leaves  of  the  diseased  beets  were  more  easily  injured  by  the  frost.  It  is 
characteristic  of  the  disease  that  the  leaves  of  badly  diseased  roots  die  away  until  no 
green  leaves  remain,  leaving  an  apparently  dead  root  in  the  soil,  though  its  tissues 
will  be  found  to  be  firm  and  not  in  the  least  broken  down.  The  early  frosts  hasten 
the  destruction  of  the  leaves.  Both  diseased  and  healthy  roots  show  an  acid  reac- 
tion, the  diseased  seeming  slightly  more  acid  than  the  healthy.    *    *    * 

It  has  been  determined  that  a  microscopical  examination  of  the  tissues  of  the 
diseased  beets  reveals  the  presence  of  bacteria  in  the  cells  of  the  plant.  The  tissues 
of  the  plant  are  not  broken  down,  and  the  bacteria  in  all  parts  of  the  plant  appear 
to  be  the  same.  Transfers  of  diseased  tissue  to  the  healthy  beet  root  resulted  in 
changed  appearances  of  the  plant  which  indicated  almost  certainly  that  the  disease 
was  transmitted. 

The  manner  in  which  the  germ  finds  entrance  to  the  plant  has  not  been  deter- 
mined. The  conditions  most  favorable  to  the  attack  are  thone  resulting  from 
drought  with  succeeding  low  temperature. 

The  fact  that  the  germ  breaks  down  cellulose  slowly  explains  the  manner  of  its 
progress  from  one  cell  to  another. 

Experiments  have  shown  that  the  germ  in  a  medium  containing  a  low  percentage 
of  add  grows  nearly  or  quite  as  well  as  in  one  of  alkaline  nature,  so  that  the  acid 
element  of  the  beet  root  does  not  offer  material  resistance  to  the  germ. 

The  germ  converts  cane  sugar  into  glucose  in  the  process  of  producing  gas.  The 
aniount  of  gas  produced  is  not  constant,  but  the  reasons  for  this  irregularity  have  not 
^^een  determined. 
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The  perm  grows  well  with  any  form  of  sagar,  and  especially  well  in  media  ca- 
taining  cane  sugar.  This  fact  makes  it  seem  probable  that  the  germ  is  especially  c 
home  cm  those  media  which  contain  sugar  in  some  form,  although  it  will  kc^*p  alT> 
on  media  without  sugar,  and  after  cultiv^ation  for  a  time  on  such  media  ^-ill  athqt 
itself  to  the  cimditions  presented. 

The  colorless  gelatinous  form  separated  from  the  beet  root  in  connection  with  tht 
disease  germ  was  at  first  thought  to  be  an  undescribed  germ  or  rather  the  pnxiuH  •  f 
a  germ,  for  only  a  few  bacterial  bodies  could  be  detected  under  the  microe<-ope  fvci 
when  comparatively  large  masses  of  the  substance  were  placed  in  the  field.  Tb« 
organism  appeared  as  small  bacilli  or  micrococci. 

The  mass  resembled  the  form  of  Leuconostoc  so  common  in  the  vicinity  of  mssv 
refineries.  Under  the  microscope,  however,  no  streptococci  were  found,  whkf. 
characterizes  leuconostoc  under  the  microscope.  The  gelatinous  substance  i?  srJo- 
bleln  water  and  alcohol;  in  the  latter  it  turns  to  a  milk-white  substance  before  h 
dissolves.  The  substance  increased  rapidly  in  bulk  when  grown  on  sterilizeti  beet 
The  mass  did  not  drv  out  for  months  after  the  substratum  had  l)ecome  dr\''  and  haid 

The  substance  grew  well  on  10  i>er  cent  cane  sugar  agar.  The  growth  w^aa  i^low  xi 
first,  but  after  a  week  or  two  masses  measuring  a  quarter  of  an  inch  in  thickness; aod 
three-fourths  of  an  inch  in  circumference,  collected  on  the  surface  of  the  medium  in 
stab  and  slant  cultures.  In  case  of  stab  cultures  the  agar  was  broken  vertii«lK 
along  the  line  of  inoculation.  The  colorless  growth  followed  this  break  in  the  agar, 
and  as  the  substratum  became  hard  the  mass  collected  as  a  colorless  eemiflaid  in  tb^ 
bottom  of  the  test  tube. 

On  slant  agar  there  was  a  thin  colorless  layer,  imparting  a  fluorescent  hue  to  the 
medium.  In  agar  plate  cultures  the  organism  formed  small  round  colonies  ahr>Dt 
theeize  of  a  pin  head,  resembling  a  small  drop  of  water.  These  colonies  were  somt^ 
times  found  with  the  disease  germ,  in  plate  cultures  taken  directly  from  the  l»eei. 
It  grew  on  sterilized  iK)tato,  and  to  some  extent  on  gelatin.  Inmiediately  after 
separation  from  the  Ix^et  root  the  organism  produced  fermentation,  but  the  power 
was  lost  after  a  time.  Staining  revealed  only  a  structureless  mass  containing  a  few 
bacteria-like  bodies. 

Desiccation  has  little  effect  on  the  substance.  Sections  of  beet  on  which  the 
organism  was  growing  have  been  kept  in  the  laboratory  mitil  they  are  quite  drie«l 
out,  and  the  gelatinous  mass  is  still  apparent. 

If  this  is  indeed  a  form  of  Leuconostoc  it  is  interesting  to  find  it  in  disease<i  lieet 
roots. 

VVOKK    DONR    I\   THE    U.    S.    DEPARTMENT  OP  ACiRirULTlTRR. 

No  exhaiLstive  investigation  of  sugar-beet  diseAse.^  has  yot  been 
made  by  the  scientists  of  the  Department  of  Agriculture.  The  fol- 
ing  letters  explain  themselves: 

U.  S.  Department  of  AoRicuLTrRE, 
Division  of  Veoktable  Physiology  and  Pathology, 

Washington,  D.  C,  September  24,  1900. 
Dear  Sir:  Your  letter  of  September  15,  addn*ssed  to  the  honorable  Secretarj- t)f 
Agriculture,  has  Ijeen  referred  to  this  Division. 

The  beets  sent  in  by  Mr.  H.  S.  Ferrar,  of  Grand  Island,  Nebr.,  have  been  receiva^ 
and  examined.  We  have  reported  to  Mr.  Ferrar  on  the  beets,  and  inclose  a  copy  o* 
our  letter  to  him. 

One  of  our  men  has  been  detaile<l  to  the  study  of  beet  diseases,  and  is  already  at 
work  in  California.     There  is  no  doubt  that  a  number  of  diseases  have  become  epi- 
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demic,   and  a  thorough  investigation  of  all  of  them  w  demanded.     We  tniBt  that 
sufficient  funds  may  be  secured  to  carry  out  this  matter. 

Please  let  us  hear  from  you  whenever  you  come  across  anything  which  needs  our 
attention. 

Very  truly,  yours,  B.  T.  Galloway, 

Cfiief  of  Dimjtixm. 
Mr.  Chas.  F.  Savlor, 

/^jyeciftl  Agmij  Thitrd  States  Dejyurtnu'nt  of  Agriculture. 


U.  S.  Department  of  Agriculture, 
jDivision  of  Vkcjetable  Physiology  and  Pathology, 

WashingUm,  T),  C,  October  19 y  1900. 
Sir:   I  l^eg  to  acknowledge  the  receipt  of  copies  of  letters  of  Mr.  C.  F.  Say  lor,  spe- 
cial afrent  in  charge  of  sugar  investigations,  and  to  submit  the  following  brief  report 
on  ro<:>t  blight  in  sugar  beets. 

At  the  present  time  there  is  no  means  of  identifying  the  so-calle<l  root  blight  with 
any  flinease  of  the  kind  occurring  in  Europe,  and  the  investigations  which  this  Divi- 
sion has  l^een  conducting  so  far  show  that  the  root  blight  of  Michigan,  Nebraska,  and 
Colorado  is  not  the  same  in  all  cases.  It  is  very  likely  that  a  numl)er  of  diseases  are 
confu8e<l  under  this  one  name,  and  a  thorough  investigation  is  necessary  }>efore  any- 
thing definite  can  be  reported.  As  indii^ated  above,  this  Division  has  inaugurated  an 
investigation  of  this  disease,  and  it  will  be  pushed  as  rapidly  as  possible. 

There  is  no  doubt  that  the  epidemic  nature  of  a  number  of  beet  diseases  is  due  to 
the  unfavorable  weather  conditions  the  past  season. 

Very  respectfully,  B.  T.  Galloway, 

Chief  of  Diviftifm. 
The  Sisc'retary  of  Agriculture, 


U.  S.  Department  of  Agriculture, 
Division  of  Vegetable  Physiology  and  Pathology, 

Washhigtorif  D,  C,  September  24^  1900. 

Dear  Sir:  The  beets  forwarded  to  us  at  your  request  and  Mr.  Saylor's  have  l^een 

examined.     We  find  that  a  fungus  closely  related  to  the  root-rot  fungus  of  cotton, 

cowpeas,  etc.,  has  attacked  the  lower  part  of  the  tap  root  and  the  fine  feeding  roots  in 

all  the  specimens.     It  works  in  through  the  water-conducting  bundles  of  the  roots  and 

finally  up  into  the  main  beet  root,  causing  a  browning  and  drying  out  of  the  tissues 

and  a  blackening  of  the  vascular  bundles  when,  after  the  root  is  cut,  it  is  exposed  to 

the  air.    This  blackening  will  occur  at  some  distance  beyond  where  the  fungus  is 

present    The  indications  are  that  the  fungus  is  the  prime  cause  of  the  trouble,  though 

this  could  be  determined  only  by  careful  field  investigation  and  a  long  series  of 

experiments  testing  the  question  of  the  parasitic  nature  of  the  organism,  as  it  is 

a<*companied  bj'  bacteria  and  yeasts  in  the  tissues.     Of  course  it  may  have  been  that 

the  young  feeding  roots  were  killed  by  something  else  and  the  fungus  followed  as  a 

secondary  thing.    The  same  blackening  and  browning  of  the  vascular  bundles  is  caused 

by  the  leaves  being  kille<l  or  seriously  injured  l)efore  the  beet  root  is  matured.     This 

sometimes  occurs  as  the  result  of  an  attack  of  leaf  spot,  produced  either  by  the  ordinary 

leaf-spot  fungus  ( Cercospora)  or  the  large  leaf-s{K)t  fungus  {PhyUosticia) .    Very  serious 

injury  has  been  caused  by  both  these  organisms  in  Michigan  this  season  and  the 

effect  on  the  beet  is  much  the  same  as  the  work  of  the  root-rot  fungus  attacking  the 

beets  around  Grand  Island. 
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We  are  asking  for  an  increased  appropriation  this  year  in  order  that  we  may  nakr 
a  thorough  investigation  of  the  beet  diseases.  The  matter  is  of  great  iinpoitanee.  m 
some  of  the  diseases  have  assumed  epidemic  character  and  bid  fair  to  destroy  iht 
beet  industty  in  several  regions  unless  something  can  be  done  to  check  them. 

Assuring  you  of  our  willingness  to  do  anything  within  our  power  to  help  the  beei 

growers  and  the  sugar  industry,  I  remain, 

Very  truly,  yours,  B.  T.  GAUiOWAY, 

Chief  of  DirUiim. 
Mr.  H.  S.  Fbrbar, 

Maruiger  American  Beet  Sugar  C/impanyy  Grand  Idand^  Nebr. 

Work  Done  in  New  York. 

Considerable  attention  has  been  devoted  to  the  diseases  of  the  t^ugar 
beet  by  the  scientific  workers  of  the  experiment  stations  at  Ithaca  and 
Geneva,  N.  Y.,  as  is  shown  in  the  following  letter  and  articles: 

Cornell  University,  Agricultural  Experiment  Station, 

Ilhaca,  N.  Y.,  January  S,  1901. 
Dear  Sir:  In  reply  to  your  letter  of  December  28,  sent  to  the  entomologist  of  thi? 
experiment  station,  I  may,  as  botanist,  be  able  to  tell  you  something  of  the  root 
diseases  of  sugar  beets  most  abundant  in  thii<  State. 
No  bacterial  diseases  from  this  State  have  as  yet  come  to  my  attention. 
Beet  root  rot,  caused  by  a  species  of  Rhizodonia^  was  abundant  in  1898,  and  has 
since  been  found  to  a  slight  extent     A  complete  account  of  this  disease  will  be 
found  in  Bulletin  No.  163,  Cornell  Experiment  Station,  and  inclosed  I  send  you  a 
briefer  account  of  the  gross  characters,  this  printed  account  being  part  of  a  forth- 
coming bulletin  (No.  186)  of  this  station  in  cooperation  with  the  Geneva  Stad(tn 
(by  B.  M.  Duggar  and  F.  C.  Stewart). 
Beet  scab,  apparently  identical  with  potato  scab,  is  abundant. 
Leaf  scorch  of  beets  sometimes  leads  to  a  discolored  root^  and  so  I  include  an 
listract  of  F.  C.  Stewart*s  report  upon  this  in  Bulletin  No.  162  of   the  liene^-a 
station,  particularly  as  Mr.  Stewart  requests  that  I  embrace  his  report  in  mine. 
Very  truly,  yours, 

B.  M.  Duggar,  liitinni^L 
Mr.  Charles  F.  Sayi>or, 

Special  -igentj  United  SlaJe^  Department  of  Agriculture. 

RHIZOCTONIA   ON   THE  BEET    (bBTA    VULGARIS).* 

Our  attention  was  first  called  to  this  disease  by  specimens  of  affected  beets  sent  to 
us  from  Bingham  ton.  A  few  days  afterwards  the  disease  was  discovered  as  a  beet 
trouble  of  considerable  importance  at  Cattatonk,  N.  Y.  This  occurrence  has  beea 
fully  treated  in  Bulletin  163  of  the  Cornell  Experiment  Station,  and  at  this  time  a 
summary  of  these  notes  will  suffice.  At  Cattatonk  a  3-acre  field  was  attacked  »> 
severely  that  fully  one-third  of  the  crop  was  lost.  Diseased  plants  are  usually  foun-l 
in  scattered  areas  throughout  the  field;  but  the  fungus  undoubtedly  passes  readUy 
from  plant  to  plant  in  the  row  and  it  has  a  tendency  to  spread  radially.  Cold  weather 
or  dry  conditions  quickly  retard  the  spread  of  the  trouble,  and  it  is  much  more  abun- 
dant where  the  soil  is  moist  or  the  surface  drainage  bad. 

During  hot  weather  the  fungus  secures  a  hold  most  readily  at  the  bases  of  the  leaves, 
perhaps  because  here  there  is  moisture  with  the  slighest  rain  or  dew.     InoculatiiHi 

*From  Bui.  186,  Cornell  Agr.  Exp.  Sta.,  in  cooperation  with  the  N.  Y,  Agr.  Exp. 
Sta.,  Geneva,  by  B.  M.  Duggar  and  F.  C.  Stewart. 
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sxperiments  also  demonstrate  that  in  these  parts  the  disease  *' takes''  wqH.  The 
progress  of  the  injury  may  be  noted  by  the  blackening  of  the  leaf  bases,  and  finally 
the  wilting  and  prostration  of  the  leaves  themselves.  The  leaves  do  not,  however, 
turn  brown  until  after  they  have  fallen.  When  the  fungus  has  worked  into  the 
crown  and  root  proper,  a  browning  of  those  parts  is  evident,  and  finally  deep  cracks 
may  appear. 

The  brown  mycelial  threads  of  the  fungus  among  the  diseased  leaf  bases  are  evi- 
dent to  the  unaided  eye,  and  after  the  root  has  become  affected  a  considerable 
mycelial  weft  may  be  found  in  the  cracks  and  affected  parts.  A  diseased  beet  sliced 
lengthwise  and  placed  in  a  moist  chamber  yields  in  a  day  or  two  a  luxuriant  growth 
of  the  fungus. 

This  disease  has  since  been  reported  to  us  in  the  central  and  the  western  parts  of 
the  State,  but  specimens  are  not  seen.  During  the  past  season  it  was  found  again,  in 
the  month  of  August,  at  Flint  and  at  Phelps,  N.  Y.,  but  in  neither  case  was  there  any 
serious  outbreak  of  the  disease.  Specimens  collected  at  the  former  place  showed  a 
considerable  development  of  sclerotia,  which  bodies  had  not  been  previously  observed 
upon  the  beet.  Furthermore,  Mr.  A.  D.  Selby  has  kindly  told  us  that  he  has  found 
this  disease  of  beets  in  Ohio  during  the  past  autumn. 

Inoculation  experiments  have  been  made  in  the  field,  and  these  all  indicate  beyond 
a  doubt  that  this  Rhizocionia  may  readily  produce  beet-nx)t  rot  when  the  conditions 
are  favorable.  Moist  conditions  are  essential  for  the  spread  of  the  disease  from  plant 
to  plant.  Moreover,  this  fungus  taken  directly  from  the  diseased  beets  has  the  power 
of  damping  off  lettuce  and  also  beet  seedlings. 

A  beet  disease  due  to  a  species  of  Rhizocionia  has  been  known  to  botanists  of  Europe 
since  1855;  and  we  are  indebted  to  Prof.  Karl  von  Tubeuf,  of  Berlin,  for  material  of 
that  fungus.  It  is  improbable  that  the  American  form  is  identical  with  the  Euro- 
pean. However,  the  disease  found  by  Pammel  in  Iowa  may  be  the  same  as  the  one 
which  we  find  in  New  York. 

LEAF  SCORCH   OF  SUGAR  BEETS.  ^ 

This  trouble  was  found  in  certain  localities  in  August,  1899,  and  seemed  to  be 
caused  undoubtedly  by  exce8Bi\«  transpiration  during  a  season  of  hot  winds,  and 
other  injurious  conditions  a  few  weeks  earlier.  Sometimes  the  trouble  was  manifest 
merely  in  the  leaf  margins.  In  severe  cases,  however,  the  leaf  blades  were  killed, 
and  only  remnants  of  green  petioles  showed  any  living  tissue  in  these  parts.  The 
root  itself  was  sometimes  affected,  showing  then  a  brown  discoloration  extending 
frr)m  the  outside  toward  the  center,  sometimes  to  a  depth  of  half  an  inch.  There 
was  no  indication  of  true  n)t  in  this  affected  region.  In  some  cases  the  fibrovascular 
bundles  extending  into  the  normal  tissues  were  slightly  blackened. 

Results  of  Investigations  Made  in  California. 

Sugar-beet  diseases  have  received  some  attention  on  the  Pacific 
coast,  but  not  so  much  as  they  deserve.  Doubtless  more  thorough 
investigation  will  be  made  in  the  future.  The  following  letter,  dated 
December  26,  1900,  was  written  by  a  bacteriologist  of  the  State 
Experiment  Station  of  Berkeley,  Cal. : 

Dear  Sir:  Your  favor  of  December  21  regarding  "  root  blight"  of  l)eets  was  duly 
i^eceived.  Unfortunately,  I  have  been  unable  to  devote  much  time  to  the  investiga- 
tion of  the  beet  troubles  which  have  caused  so  much  loss  in  California  during  the  last 
two  years.     My  observations  have  been  limited  to  those  made  during  two  short 


*  Adapted  from  account  by  F.  C.  Stewart  in  Bulletin  No.  162  of  N.  Y.  Agr.  Exp.  Sta. 
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vifsite  t()  the  affected  beet  fields — one  in.  1899  and  one  in  1900.     The  (x>neliisi<jQ^ 
have  uuuie  to  are  aa  follows: 

The  failure  of  the  sugar-beet  crop  in  Santa  Clara,  Santa  Cruz,  and  Monterey  c* 
ties  during  the  seasons  of  1899  and  1900  seems  to  have  been  due  to  thret*  m^ 
causes.  The^e  are,  in  order  of  importance:  (1)  Drought,  (2)  "blight,"  and  (3)  toa 
aphis.  The  failure  in  individual  fields  was  due  sometimes  to  one  of  these,  soiiietiifie< 
to  a  combination,  l)ut  was  not  all  due,  as  popularly  believed  in  the  locality,  to  tbf 
new  "blight"  alone.  This  cooperation  of  disease  causes  makes  the  definition  <»f  t^ 
"  blight"  symptoms  somewhat  difficult.     Several  cases  were  distinguishable: 

(1)  Rich,  loose,  well-cultivated  soil  wnth  abundant  moisture;  75  per  cent  t<»  ^  jirf 
cent  of  the  beets  missing;  5  per  cent  to  15  per  c«nt  very  small;  5  to  10  per  cent  extraor- 
dinarily large  and  vigorous.  In  this  case  it  appeared  that  the  blight  ha^l  attackt«j 
the  beets  when  young  and  killed  most  of  them.  A  few  which  were  attacked  wiiL 
less  virulence  were  not  killed,  but  the  roots  were  so  injured  that  they  w^ere  unable  to 
grow  large.  Most  of  these  had  lost  their  central  tap  root  The  remaining  l>eet?  hsd 
apparently  escaped  infection  and,  having  all  the  ground  to  themselves,  had  grown  to 
immenne  size.  In  all  fields  exhibiting  these  characteristics  the  l>eets  had  1«^3 
planted  early. 

(2)  Similar  to  the  la^t  but  only  about  30  to  40  per  cent  missing;  very  few  small 
and  the  remainder  medium  to  large.  In  fields  of  this  character  there  waxJ  oixt^ 
almost  a  full  crop.     They  were  invariably  late  planted. 

(3)  Soil  not  very  well  cultivated  and  deficient  in  moisture;  50  to  75  per  cent  "i 
the  l)eetj^  missing;  the  remainder  very  small;  crop  a  total  failure.  These  fields  wen? 
planted  early. 

(4)  Similar  to  (3)  but  from  30  to  40  per  cent  of  the  beets  medium  to  small.  These 
fields  were  i)lanted  late  and  had  from  one-third  to  one-half  a  normal  crop. 

We  have  in  these  four  cases,  first:  The  effect  of  blight  on  early-planted  fields; 
second,  the  effet^t  of  blight  on  late-planted  fields;  third,  the  effect  of  blight  and 
drought  on  early-planted  fields;  and,  fourth,  the  effect  of  blight  and  drought  on  late 
planted  fields. 

There  seems  to  be  a  critical  period,  due  to  the  age  of  the  beet,  to  the  temperature 
or  the  nioii^ture  of  the  atmosphere,  or  to  some  unknown  weather  ctjndition,  during 
which  the  blight  is  particularly  virulent,  and  those  plants  which  esca|)e  infection  at 
this  period  remain  unaffected  and  make  a  normal  growth.  In  1900  this  critiiaJ 
period  seems  to  have  been  early  in  the  season,  as  late-planted  \ieets  were  much  le* 
affe(!ted.  Acconling  to  the  accounts  of  growers,  however,  the  late-planted  l)eets\*'eiv 
most  affecte<l  in  1899. 

Most  of  the  symptoms  of  the  "blight,"  such  as  darkening  of  the  vat^'ular  rings, 
softening  of  the  root,  excessive  growth  of  short  rootlets,  are  common  toother  dii:seai«e& 
The  only  symptom  that  seems  charact^^ristic  is  a  certain  crumpling  and  turning  in  of 
the  leaves  caused  by  a  pimple-like  hyj>ertrophy  of  the  veins,  and  whether  this  ie 
invariable  or  not  I  am  unable  to  say  as  it  seems  to  disappear  as  the  beets  beci>me 
older. 

I  am  still  working  on  this  l^eet  trouble  but  have  not  the  time  or  the  opjjortunity 
to  give  it  tlie  attention  it  requires.  It  is  of  so  much  importance  that  I  hope  a  suit- 
able appropriation  will  Ixi  made  this  year  which  will  enable  some  one  to  spend  the 
neceysary  time  in  field  investigation  during  the  whole  beet  season,  for  this  is  the 
only  way  to  get  at  the  bottom  of  the  matter. 

Yours,  very  truly,  Frederic  T.  Biolbtf]. 

In  Wiliett  &  Gray's  Weekly  Statistical  Journal  appears  the  follow- 
ing description  from  good  authority  of  the  sugar-beet  troubles  that 
have  existed  th(*.re: 

On  the  affected  jilants  the  leaves  curl  by  turning  the  backside  of  the  leaf  nuupn^ 
upward.     The  latter  looks  somewhat  coarse;  especially  along  the  veins  warty,  small 
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elevations  can  be  noticed.     The  tissue  of  the  leaf  seems  to  be  tliicker  than  that  of  a 
noruial  beet.     All  sick  l)eet8  show  an  astonitihing  number  of  rootlets,  while  the  nor- 
mal beeta  have  much  less.     In  an  advanced  state  of  sickness,  the  leaves  turn  yellow 
and  dry  out.     The  root  of  the  sick  beet  8toi>8  growing.     The  fertility  and  nature  of 
the  soil  is  not  considered  as  the  cause  of  this  blight;  neither  is  the  variety  of  the  beet 
seed,  as  the  seed  is  equally  distributed  on  all  of  the  fields.     It  is  conclude<l  that  the 
blight  is  caused  by  the  dry  hot  air,  the  transpiration  of  the  leaves  is  such  an  energetic 
one  that  the  roots  are  not  aV)le  to  meet  the  demand  for  water;  therefore  the  solution 
of  nourishing  matter  in  the  leaves  gets  concentrated  enough  to  hurt  the  tissue  of  the 
leaves,  making  them  unlit  to  perform  the  duties  of  assimilating  carbonic  acid  from 
the  atmosphere  to  sugar  and  starch,  etc.     Furthermore,  the  water  supply  accessible 
to  the  rootless  being  exhausted  the  rootlets  die;  as  soon  as  water  has  accumulated 
again  a  second  growth  of  rootlets  takes  place,  and  so  on  (being  something  done  very 
rapidly  by  beets,  sometimes  in  the  course  of  six  hours. )     The  young  l)eets  are  not  so 
strongly  affected  as  older  ones,  as  they  live  on  the  nourishing  stuff  accumulated  in 
the  seed,  but  as  soon  as  the  surface  of  the  leaves  grows  large  enough  in  proportion  to 
the  rootlets,  the  effect  of  the  too  energetic  evaporation  of  water  becomes  visible.     A 
similar  disease,  but  in  a  much  more  advanced  state,  was  observed  in  Ontario  and 
Yates  counties,  N.  Y.,  on  beets,  cherries,  cauliflower,  and  maple,  and  was  reported 
in  Bulletin  No.  162,  November,  1899,  of  the  New  York  Experiment  Station.     The 
destruction  of  the  leaves  and  even  of  the  roots  went  much  further  than  here,  owing 
to  circumstances  very  favorable  to  the  disease.     It  is  reported  that  after  a  sufficient 
rain  the  beets  started  a  second  growth,  but  showed  a  much  lower  percentage  of  sugar 
than  normal  beets  grown  in  the  same  field.     I  believe  the  same  will  take  place  here. 
The  reporter  concludes: 

Concerning  treatment  it  is  needless  to  say  that  proper  irri^tion  is  a  sure  prevent- 
ive, but  where  irrigation  can  not  be  practiced,  avoid  plantmg  on  light,  sandy  soil, 
and  in  dry  weather  conserve  the  moisture  by  stirring  the  soil  frequently,  and  espe- 
cially after  every  shower. 

Report  hy  an  Iowa  Botanist. 

Prof.  L.  H.  PaiiJinel,  botanist  of  the  Iowa  Agricultural  College,  con- 
tributes the  following  general  discussion  of  the  sugar-beet  disea>es: 

brown  root  rot  ok  sugar  hkets  {Jihiztjctmiia  Btix). 

In  the  year  1891  the  writer  l)ecame  familiar  with  a  root-rot  disease  that  affected 
sugar  beets  quite  seriously  upon  the  college  grounds  in  which  this  general  statement 
was  made.  During  the  early  part  of  August  Professor  Curtiss  <'alled  my  attention  to 
the  rotting  of  sugar  beets  in  the  ground.  It  was  similar  to  certain  root-rot  diseases 
iound  on  the  beet  in  Europe.  It  did  not  appear  to  be  the  nematode  disease  com- 
mon in  Europe,  though  nematode  wonns  were  common  in  the  decaying  roots. 

After  a  careful  studv  of  this  disease  the  writer  came  to  the  conclusion  that  itis  verv 
different  from  the  violet-root  fungus  so  commonly  affecting  the  sugar  beets  and  other 
root  crops  in  Europe.  8o  far  as  I  know  the  violet-rot)t  fungus  has  not  been  found  in 
this  country  on  the  sugar  beet  or  mangels,  but  it  does  appear  upon  the  alfalfa  in 
Nebraska;  therefore,  it  may  be  looked  upon  as  a  possible  source  of  danger  to  the  sugar 
beet.  The  brown  root-rot  disease  undoubtedly  should  be  referred  to  the  one  de- 
scribed by  a  German  scientist  (Kuehn)  and  later  recorded  as  quite  destructive  by 
Eidam  in  Germany,  this  disease  affecting  not  only  the  large  l^ets  but  young  seed- 
lings as  well,  sometimes  destroying  whole  patches. 

As  to  the  appearance  of  this  fungus  in  the  United  States  I  may  say  that  since  its 
'recorded  appearance  in  Iowa  in  the  year  1891,  Dr.  B.  M.  Duggar,  of  the  Cornell  Uni- 
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veraity  Kxperiinent  Station,  has  recorded  the  fangus  as  i^nimon  in  New  York.    & 
aayH  of  the  ap|)earance  in  the  vicinity  of  Binghamton: 

Beet  root  rot  was  first  brought  to  my  attention  as  a  disease  of  small  extent  m  tic 
vicinity  of  Binghamton.  A  few  davs  afterwards  it  was  found  abundantly  at  Gittfr , 
tonk,  N.  Y.  A  visit  to  the  latter  place  on  August  12  demonstrated  that  £he  diseas' 
was  a  matter  of  considerable  practical  importance.  An  examination  of  &  S-acnrl 
field  on  the  premises  of  Philip  Caple  convinced  me  that  probably  one-third  of  the 
beets  in  this  field  were  affected,  and  it  was  then  too  late  to  attempt  any  remediil 
measures  with  this  root  rot.  Fortunately,  some  change  in  the  conditions  ««» 
checked  it,  and  mv  notes  represent  the  final  effect  of  the  diHease.  A  careful  study  of 
the  affected  field  snowed  one  point  of  peculiar  interest  In  certain  areas  the  chipped 
tan  l)ark  of  an  old  tannery  had  been  thickly  spreAd  on  the  land,  and  in  such 
there  was  not  the  slightest  indication  of  diseased  beets.  The  tannery  product  wu 
quite  dry,  and  I  attributed  the  absence  of  the  disease  to  the  lessened  water  crmteot 
of  the  upper  layers  of  the  soil,  which  assumption  would  be  in  accordance  with  the 
results  of  some  experiments  to  be  detailed  later.  A^in,  in  a  part  of  the  field  wfaoe 
coal  ai^hes  had  been  heavily  applie<l,  there  was  a  noticeable  diminution  intheauKNUt 
of  the  disease.  This  disease  was  afterwards  reported  from  several  places  in  the  State, 
although  it  has  not  yet  proved  a  common  disease  in  New  York.  As  mentioned  later, 
what  is  probably  the  same  disease  was  reported  in  Iowa  in  1891,  and  it  nuiy  hare 
l)een  ol)Herved  in  one  or  two  sections  of  the  country.  It  majr  be  the  same  trouble 
that  has  several  times  been  verv  destructive  to  the  sugar-beet  industry  in  Cvermanj. 
Again,  as  8ul)Hequently  note<l,  this  beet  rot  is  caused  by  the  same  fungus  which  caM 
a  stem  n)t  of  carnations;  and  probably  by  the  same  fungus  which  produces  some 
damping  off  diseases,  so  that  we  may  predict  that  it  has  a  wide  distriDutiQn  even  it 
the  present  time. 

Climatic  conditions  seem  to  cause  a  variation  in  the  distribution  of  the  fungos. 
Some  years  it  seems  to  be  particularly  destructive.  That  was  true  during  the  yeais 
1891  and  1892.  Since  then  it  has  not  been  common.  During  the  past  season,  when 
there  was  much  i!omplaint  of  root-rot  diseases,  the  fungus  was  exceedingly  rare.  Tbe 
writer  found  only  a  few  specimens  affected.  How  common  it  has  been  in  the  tY»untiT 
this  year  the  writer  has  been  unable  to  learn. 

In  the  year  1891  I  carried  on  an  extensive  correspondence  with  several  botaniatB 
of  the  country  where  experiments  were  being  made  with  the  sugar  beet,  bat  I 
unable  to  <lefinitely  verify  its  appearance  in  any  other  State  except  Iowa, 
sugar  IxHjts  were  sent  from  Michigan,  but  these  afterwards  proved  to  be  affected 
with  an  entirely  different  trouble.  The  disease  is  said,  however,  to  have  occurred 
in  a  few  other  jilatvs  in  this  country. 

I  think  thcrt*  can  be  no  question  that  the  disease  referred  to  by  Professor  Dnggar 
is  identical  with  that  previously  described  by  the  writer.  This  disease  manifeats 
itwOf  by  gradual  dying  of  the  plant.  Under  favorable  conditions  this  niot  rot  seenifi 
to  establish  itself  at  the  bases  of  the  leaves.  It  is  here  where  the  infection  apparently 
takes  j)lace,  as  Duggar  has  determined  by  experiment.  There  is  a  general  tendency 
for  the  leaf  to  liecome  black,  then  droop  and  fall  to  the  ground,  the  leaves  remaining 
green  longer  than  \»  onlinarily  true  with  other  diseases.  The  chief  injury  by  the 
fungus  is  where  it  works  in  the  ground,  where  it  causes  the  parts  to  turn  black  and 
ultimately  to  decay.  As  the  fungus  spreads,  cracks  appear  on  the  surface  of  the 
side,  until  ultimately  the  whole  root  falls  away.  The  disease  spreads  chiefly  in  the 
row,  causing  the  so-called  dead  spots  to  form.  Sometimes  a  dozen  to  fifteen  plant? 
in  a  single  row  and  those  on  the  adjoining  rows  will  be  affected. 

On  pulling  an  affected  beet  up  the  diseased  part  invariably  has  soil  adhering  to 
it,  while  the  undiseai*ed  is  free.  The  border  line  is  marked  by  a  brownish  coior. 
In  very  young  Hj)ecimen8  it  is  reddish,  with  .the  tissues  more  or  less  shrunken.  A 
cross  se<!tion  through  this  part  shows  that  the  branched,  nearly  colorless  threads 
ramify  between  the  cells  and  intercellular  spaces.  Occasionally  they  penetrate  the 
(!ell  and  occur  in  the  cell  cavity.  An  affected  l)eet  placed  in  a  moist  chamber  is  soon 
covered  with  a  very  dense  growth  of  fungus.  Every  si>ecimen  examined  contained 
this  fungus,  and  frequently  many  other  saprophytic  species.  Rotting  beets  give  off 
a  very  strong  odor  not  unlike  that  of  rotting  potatoes. 
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The  technical  name  of  this  fungus  is  RhizocUmia  hetse,  which  is  being  worked  out 
)uite  carefully  by  iStewart,  of  the  New  York  Agricultural  Experiment  Station  of 
Geneva,  and  Dr.  B.  M.  Duggar,  of  the  Cornell  University  Agricultural  Experiment 
Station.     They  find  the  same  fungus  upon  carnations  and  other  plants. 

BEET  SCAB. 

Another  root  trouble  of  sugar  beets  that  has  been  destructive  at  times  is  the  beet 
scab.  The  credit  of  having  first  discovered  the  relation  existing  between  potato-scab 
fungus  and  beet  scab  is  due  to  Prof.  H.  L.  BoUey,  of  the  North  Dakota  Agricultural 
Experiment  Station.  This  writer,  who  had  given  considerable  attention  to  the  sub- 
ject of  potato  scab,  observed  that  when  sugar  beets  followe<l  potatoes  they  invariably 
produced  a  considerable  amount  of  scab,  and  he  soon  demonstrated  that  a  scab  fun- 
gus could  be  established  from  this  fungus  beet  that  was  in  all  respects  identical  with 
the  fungus  oix^urring  upon  potatoes. 

Sincse  then  this  fungus  has  been  found  widely  distributed  in  the  United  States. 
The  writer  in  the  year  1891  called  attention  to  its  occurrence  in  Iowa,  and  since  then 
he  has  repeatedly  obser\'ed  it  on  sugar  beets.  Thus  during  the  past  season  it  was 
observed  on  the  college  fann,  and  on  sugar  beets  found  in  the  vicinity  of  Fort  Dodge 
and  Webster  City,  and  B.  M.  Duggar,  of  Cornell  University,  refers  to  its  appearance 
on  sugar  beets  in  New  York. 

The  chief  characters  of  this  disease  are  the  warty  excrescences  that  occur  upon  the 
beet.  The  scab  appears  very  mu(;h  like  potato  scab,  being  corky  and  somewhat 
spongy,  the  injury  being  not  entirely  superficial  but  ordinarily  affecting  the  tissue 
immediately  underlying.  In  its  life  history  and  development  it  is  very  similar  to 
the  potato  scab,  the  scab  being  produced  as  a  result  of  the  development  of  cork  due 
to  the  presence  of  the  fungus. 

BACTERIOSIS. 

During  September,  when  Mr.  Charles  F.  Savior  was  here,  the  beet  patches  were 
carefully  gone  over,  and  my  attention  was  called  to  this  peculiar  disea^^e,  and  then 
the  writer  and  Mr.  F.  W.  Faurot  matie  cultures  of  the  diseased  beets.  From  these 
diseased  cultures  there  were  obtained  organisms  that  in  their  morphology  and  bio- 
logical characteristics,  so  far  as  they  were  carried  out,  answered  to  the  description 
given  by  Arthur  and  Golden,  and  Cunningham,  but  the  work  was  not  carried  suffi- 
riently  far,  owing  to  a  destructive  fire  in  the  laboratory,  to  determine  whether  it  was 
pathogenic.  However,  I  am  inclined  to  think  from  the  results  of  our  work,  so  far  as 
they  have  been  carried  out,  that  it  may  possibly  prove  to  be  the  same  thing  found 
by  these  writers. 

Mr.  F.  W.  Faurot  determined  the  loss  and  the  percentage  of  the  diseased  l)eets  in 
the  field  as  follows:  A  count  was  made  of  several  areas  about  10  or  12  feet  square 
with  the  following  results: 

Lossea  of  beet^t  from  baiierionis. 


Area. 


No.  1 
No.  2 
No.  3 
No.  4 
No.  5 


Total 
number 
of  beeU*. 

Number 

Per  cent 

(li8ea«e<l. 
20 

diseased. 

nO 

40.0 

142 

72 

50.7 

7« 

38 

48.7 

101 

13 

42.5 

91 

69 

64.8 

The  areas  counte<l  were  selected  at  random,  i.  e.,  in  various  parts  of  the  field,  and 
no  attention  was  paid  as  to  whether  they  were  in  the  least  or  the  most  affected  part. 
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The  Hpread  of  diHeaae  seemed  to  be  general,  i.  e.,  about  equally  distribute*!  in  aJ 
parts  of  the  fiel<i. 

Dr.  J.  B.  W(H$nis,  who  has  paid  considerable  attention  to  the  chemical  analys^ie  «i 
sugar  l)eets,  finds  the  following  reBulte  of  a  number  of  analyses  made  at  the  statioL 
this  vear: 

RemUU  of  aiuUyse*  of  fieeUy  lomi  stalwii,  1900. 


No  of 

Dat 

a  rt^arding  beets  analysed. 
Variety.           Condition. 

Num- 
ber of 

beets. 

H 
10 

2 
10 
10 
10 
10 

10 
10 

10 

10 
15 

Average 

weight, 

trimmed. 

17 
22 
8 
22 
13 
16 
14 
11 

16 
13 

12 

14 
'iO 

Results: 
ys* 

Coeffi 
cient  of 
purity. 

of  anai- 
es. 

sample. 

When  re- 
ceived. 

Soun^e. 
Station  Dlot  . . 

in  ifce 
be«t. 

11  

Oct.    16 
....do ... 

i 

Diseased  .i 

Sound  

do ! 

65.,V» 

78.  «7 
79.77 
70.  H4 
7><.  75  1 
7S.61 
72. 2» 
73.JS9 

70.94 
67.1*6 

57.  OB 

71.39 
67.  H»i 

Pr.cnd. 

12 

....  .do  ........r 

9.44 

13 

Nov.  10 

Nov'.'io' 
..  ..do ... 

IL?* 

14 

v..  F.  Savior  . . . 

Diseased  . ' 

Sound  

do 

do  — 

do 

do  —  1 

do .... 

do  — 

do .... 

CV 

15 

16 

Station  plot  .. 

do 

do 

do 

do 

do 

do 

do 

do 

Zehrlngen 

Cordes 

White  Vilmorin.. 
Kleinwanzleben- 

er. 

do 

AuNtralian  S pe- 
tal. 
Nthiie  Queen  of 

the  North. 
White  Imperial.. 

10  r 

10. 4s 

17 

....do ... 

9l2) 

18 

. ...do  . . . 

l&S 

19 

....do . .. 

9.  as 

20 

....  do 

9l« 

21 

22 

....do... 

do ... 

do ... 

9.23 

'Si       ...    . 

do 1 

i«..\i 

1 

The  dist«^e  is  readily  recognized  by  the  fact  that  the  older  leaves  soon  die  and 
fall  off.  Tiie  heart,  leaves  and  those  just  outside  of  these  have  a  wrinkle*!  appear- 
ance and  of  a  yellowish  green  color.  This  wrinkled  appearanwi  and  the  bli^^ter 
patches  an>  well  (lo8cril)ed  and  figured  by  Arthur  and  Golden/  and  Cumiingham.' 

The  l>eet  has  a  normal  appearance,  but  a  cross  section  shows  that  there  are  dark 
rings.  Thene  occur  in  the  fibrovascular  bundles.  When  exposed  to  the  air  for  a 
few  iuinut<^»s  they  turn  almost  black.  A  further  description  of  this  disease  is  given 
by  Miss  Cunningham,  as  follows: 

Frost  seems  to  be  iimch  more  injurious  to  the  diseased  than  to  the  healthy  l^eete. 
The  heart  leaves  of  the  diseased  beets  were  more  easily  injured  by  the  frost.  It  is 
characteristic  of  the  disease  that  the  leaves  of  badly  diseased  roots  <iie  away  until 
no  green  leaves  remain,  leaving  an  apparently  dead  root  in  the  soil,  though  its  tis- 
sues will  be  found  to  h^  firm  and  not  in  the  least  broken  down.  The  early  iro^ 
ha^^ten  the  destruction  of  the  leaves.  Both  diseased  and  health v  roots  show  an  acid 
reaction,  the  diseased  seeming  slightly  more  acid  tlian  the  healthy. 

Some  experiments  were  ma^ie  by  Mr.  Faurot.  Several  germs  were  isolated  fwm 
the  diseased  tissue,  and  one  of  these  corresponded  in  its  biological  and  structural 
characters  to  that  isolated  by  Arthur  and  Golden,  but  the  work  was  bniughi  to  a 
standstill  bv  the  fire  which  destroved  all  of  the  cultures  and  notes.  I  am  inclineti  t«» 
think  that  the  disc^ase  is  identical  with  that  descnl)e<l  bv  Arthur  and  Golden. 

A  Itticterial  disea^^e  of  sugar  l)eets  has  also  l)een  desc.ribed  in  Europe  by  BuA*e,  and 
Dr.  Erwin  F.  Smith  has  called  attention  to  a  sugar-beet  diseafse  in  America  thai 
resembles,  if  it  is  not  identical  with,  that  describtHl  by  Kramer  and  Sorauer  a^^  well 
a*<  Hiisse. 

LEAF   SCORCH. 


Another  disease  that  seems  to  affect  the  amount  of  sugar  contained  in  the  beet 
roots  quite  seriously  is  what  is  known  as  leaf  scorch,  which  was  described  bv  F.  C. 
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?>tew^art*  of  the  Geneva  New  York  Agricaltural  Experiment  Station  in  the  year  1899. 
Here  ih  the  cleBcription  of  this  disease  given  by  Mr.  Stewart: 

On  slightly  affected  plants  the  only  indication  of  disease  was  to  1x3  seen  in  the 
bro^'^n  or  black  dead-leaf  margins.  In  more  severe  cases  the  young  leaves  at  the 
center  of  the  crown  were  black  and  dead,  as  were  also  the  blades  of  most  of  the  leaves. 
Many  plants  showed  nothing  green  but  the  petioles  of  the  larger  leaves.  In  the 
petioles  of  the  dead  leaves  the  fibrovascular  bundles  were  not  blackened  except,  per- 
nape,  for  a  short  distance  below  the  blackened  blade.  In  the  majority  of  cases  the 
roots  appeared  normal,  but  the  plants  most  severely  attacked  often  showed  a  brown 
discoloration  of  the  root.  Tliis  discoloration  extended  from  the  outside  toward  the 
center  for  a  distance  of  from  one-fourth  to  one-half  inch.  The  discolored  tissue 
showed  no  indication  of  rot,  and  was  separated  from  the  healthy  tissue  by  an  indefi- 
nite and  somewhat  irregular  line.  The  fibrovascular  bundles  colored  somewhat 
more  deeply  than  the  parenchyma,  giving  a  zonate  appearance  to  the  affectted  tissue. 
The  location  of  the  affected  tissue  could  generally  be  determined  before  the  root  was 
cut  open,  by  the  darker  color  and  pronounced  elevation  of  the  bark.  In  some  cases 
when  an  affected  root  waa  cut  crosswise  just  below  the  crown  the  fibrovascular 
bundles  were  found  to  be  much  blackened,  but  this  character  was  by  no  means  a 
constant  one. 

This  disease  is  a  physiological  one.  It  is  due  to  the  fact  that  the  plant  gives  off 
more  water  than  it  can  take  up. 

Economic  Entomolooy  of  the  Sugak  Beet. 

Under  the  above  title  the  Beet  Sugar  Guzette  gives  the  following 
review  of  an  Illinois  experiment  station  bulletin: 

A  contribution  of  unusual  value  to  the  knowledge  of  the  sugar  beet  and  how  to 
care  for  and  protect  it,  especially  in  its  infancy,  from  the  numerous  insects  that  con- 
tinually threaten  and  often  seriously  damage  it  has  been  made  under  the  above  title 
by  Prof.  Stephen  A.  Forbes  of  the  Agricultural  Experiment  Station  of  Illinois  at 
Urbana.  On  account  of  its  instructive  character  to  \>eet  growers  and  the  general 
treatment  of  the  subject,  which  brings  it  within  the  comprehension  of  the  non- 
scientific  reader,  bringing  its  valuable  lessons  home  to  all,  the  important  parts  of  this 
e»Ay  will  be  given  wider  publicity  by  the  Beet  Sugar  Gazette. 

New  enterprises — new  difficulties;  new  crops — new  insect  enemies  and  old  enemies 
in  a  new  role.  The  recent  introduction  and  rapid  extension  of  sugar-beet  culture  in 
America  have  brought  to  general  notice  several  insect  species  not  before  known  as 
injurious,  and  have  given  a  new  food  to  others  well  known  for  their  attacks  on  the 
older  crops. 

The  beet  plant  is  very  similar  as  food  for  insects  to  some  of  our  commonest  weeds, 
and  hence  it  has  attracted  the  prompt  attention  of  several  si.)ecies  which,  if  we  have 
noticed  them  at  all,  we  have  hitherto  regarded  as  our  friends;  an<i  it  has  also  served 
to  give  additional  variety  to  the  diet  of  several  crop  insects  of  somewhat  general 
feeding  habits.  It  has  thus  already  recruited  a  large  entomological  following — 
about  150  species  in  America,  if  we  put  upon  the  list  everything  which  has  thus  far 
been  found  to  feed  upon  the  beet  in  the  field.  Most  of  these,  of  course,  can  hardly 
be  called  injurious  in  the  economic  sense,  but  with  our  present  knowledge  of  the 
subject,  about  40  species  may  l>e  definitely  so  classed.  Furthermore,  we  may  expect 
additions  to  this  list  from  time  to  time,  since  the  necessary  concentration  of  beet 
culture  in  the  neighborhood  of  factories  and  the  consequent  devotion  of  large  areas 
to  this  crop  year  after  year  for  an  indefinite  period  give  opportunity  for  an  extraordi- 
nary multiplication  and  a  continuous  maintenance  of  its  insect  enemies.  Doubtless, 
also,  many  beet  insects,  which,  in  the  short  period  since  beet  culture  began  in 
Auiericia,  have  been  present  in  small  or  moderate  numbers  only,  will  from  time  to 
time  exhibit  that  tendency  to  extraordinary  and  alarming  multiplication  coinmon 
among  the  injurious  species  generally. 

»Ann.  Rep.  New  York  Agrl.  Exp.  Sta.,  18^)9,  p.  153. 
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It  muflt  not  l>e  inferred,  however,  that  the  beet  plant  is  especially  liable  to  iss^it 
injury.  On  the  contrary,  taking  the  country  at  lai^^e,  it  is  at  present  less  subject  u 
such  damage  than  com  or  wheat,  cabbage  or  xx>tatoe8.  It  is  a  fact  particularl}'  £avnr- 
aV)le  to  this  crop  that  the  marketable  part  of  the  plant  is  but  little  subject  to  injisn 
by  insects,  by  far  the  greater  part  of  the  species  which  feed  on  it  infesting  <inly  lie 
leaf,  and  relatively  few  injuring  the  root. 

The  critical  periml  of  insect  injury  to  the  beet  is  in  the  beginning  of  the  faea^as, 
while  the  plants  are  still  small  and  slow  of  growth.  There  is  at  this  time  so  littk- 
vegetation  on  the  ground  that  a  c>oniparatively  small  numl)er  of  insects  may  sene  la 
lay  the  field  completely  bare;  and  poisons  are  often  not  available,  since  a  leaf-feedii^r 
insect  may  completely  devour  the  little  beet  while  getting  a  fatal  dose  of  i>oison  fi-r 
it*<elf. 

The  principal  injurious  groups  are  the  leaf-miners,  the  webw^orms,  the  eutwafiDE» 
the  woolly  bears,  and  several  other  leaf-eating  caterpillani,  the  wirewomis,  the  white 
gnibtf,  the  flea-beetles,  the  blister  beetles,  the  plant  bugs,  the  leaf-hoppen?,  the  pUat- 
lice,  and  the  grasshoppers.  The  webworms,  the  cutworms,  the  flea-lteeilee,  t^ 
blister  l>eetles,  the  leaf  miners,  and  the  root  lice  have  done  the  greater  part  of  the 
mischief  in  the  States  beyond  the  Mississippi;  but  in  Illinois  the  only  c^ntdderabb 
injury  seen  by  us  in  1898  and  1899  was  that  done  by  the  pale-striped  tlea-lieetles.  ibr 
grasshoppers,  and  the  blister  beetles. 

Insect  injuries  to  the  underground  part  of  the  beet  commonly  take  the  form  (rf  i 
cutting  of  the  taproot,  an  eating  away  of  the  smaller  roots,  or  a  burrowing  or  excava- 
tion of  the  mass  of  the  beet  itself.  They  are  commonly  due  to  wireworms,  to  white 
grul)8,  or  to  the  beetles  of  one  of  the  muckworms  (lAgyrus  ffibbo^us).  More  nuvly 
rofjt  lice  seriously  damage  the  plant  in  summer  by  sucking  the  sap  from  the  ixets. 
It  is  probable  that  larvae  of  some  of  the  flea-beetles  will  also  be  found  to  infest  the 
^jtairt  underground. 

Injuries  to  the  leaf  may  be  done  either  by  bugs  with  a  sucking  beak,  or  by  beetles, 
grasshoppers,  or  insect  larvae,  with  biting  mouths.  The  former  abstract  the  sap  from 
the  stem  or  the  blade  of  the  leaf,  often  making  discolored  spots,  dwarfing  the  growth 
and  causmg  the  leaf  to  curl,  or  even  killing  it  completely.  Beetles  and  their  lar\'9^ 
caterpillars,  grasnhoppers  and  the  like  commonly  make  holes  in  the  leaf,  the  smaUer 
insects  small  circular  holes,  as  a  rule,  and  the  larger  ones  either  gnawing  away  the 
edge  of  the  leaf,  eating  out  irregular  holes,  or  (if  cutworms)  cutting  off  the  stalk 
near  the  ground.  Small  holes  made  in  the  young  growing  blade  may  greatly  enlaijEf 
a*<  the  plant  expands,  becoming  longest  in  the  direction  of  the  most  rapid  growtL 
Certain  maggots  of  flies  (the  leaf  miners)  eat  out  the  interior  substance  of  the  leaf  in 
patches,  leaving  the  cuticle  unbroken. 

The  flrst  injury  to  the  Ixjet  reported  in  America  was  a  mining  of  the  leaves  by  the 
maggots  of  (certain  flies  in  a  New  York  vegetable  garden,  an  injury  sufficient  to  \vre- 
vent  the  use  of  the  leaves  for  '* greens."  Later,  serious  and  extensive  damage  wa? 
done  by  thet»e  leaf  niiuera  to  fields  of  sugar  beets  in  California.  The  leaf  is  pene- 
trated by  the  insect**,  and  the  tissue  is  eaten  out  between  the  upper  and  lower  layei? 
of  the  cuticle,  colorless,  blinter-like  spots  being  thus  produced. 

Perhajw  the  most  destructive  of  the  beet  insects  in  the  West  are  the  garden  web- 
worms (Loxofftcfje  iiimiUiUn  and  L.  stlrticalii*).  The  latter  was  in  1892  the  chief  depre- 
dator in  the  beet  fields  of  Grand  Island,  Platte  Center,  and  several  other  Nebraska 
localities,  where  many  of  the  plants  were  entirely  defoliated. 

The  garden  Mamestra  ( Matnci^tni  trifolii),  a  caterpillar  allied  to  the  zebra  caterpii- 
lar  of  the  cabbage,  has  been  reported,  by  Prof.  Lawrence  Bruner,  of  Nebraska,  to  be 
quite  common  in  that  State  and  sometimes  considerably  injurious  to  the  beet. 

CutworniH  liave  l)een  noticed  wherever  bt^ts  are  raised.  Bruner  reports  them  in 
1891  as  occasionally  quite  <lestructive  to  the  plant  while  it  is  small,  continuing  their 
injury  more  or  less  throughout  the  summer.     They  commonly  cut  off  the  leaf  at  or 
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ft  little  below  the  surface  of  the  ground,  but  pome  of  them  merely  feed  upon  the 
bla(le8.  In  1892  they  almost  entirely  destroyed  sugar  beets  growing  upon  two 
Bxperiment-station  plats  at  Lincoln,  Nebr.,  on  one  of  which  only  about  20  per  cent 
of  a  stand  was  obtained.  It  was  noticed  here  that  little  injury  was  done  on  land 
plowed  the  prece<ling  fall  and  a  second  time  in  spring.  Osbom  noticed  cutworms  in 
Iowa  doing  serious  injury  to  young  heeii*  in  1891. 

The  Beet  Army  Worm. 

The  State  agricultural  experiment  station  of  Colorado  published  a 
bulletin  on  this  subject,  prepared  bv  Prof.  Clarence  P.  Gillette,  the 
entomologist.  On  account  of  Professor  Gillette's  standing  as  an 
authority  on  entomological  subjects,  the  article  is  reproduced  here  as 
being  very  pertinent  matter  for  study  by  those  interested  in  the  grow- 
ing of  sugar  beetis. 

LIFE    HABITS. 

The  caterpiller  which  did  so  much  injury  to  sugar  beets  in  the  vicinity  of  Grand 
Junction  last  year  will  doubtless  appear  again  this  summer.  While  the  insect  has 
long  been  known  to  entomologists,  last  year  was  the  first  that  it  has  l)een  reported 
doing  serious  harm  to  any  crop. 

While  the  life  habits  of  the  insect  have  never  been  studied,  it  seems  probable,  from 
what  the  writer  could  learn  of  it  last  summer  and  fall,  that  it  has  two  broods  in  the 
course  of  a  year.  The  caterpillars  that  were  so  abundant  during  August  last  year 
entered  the  ground  and  then  appeared  again  as  moths  in  September.  There  were 
few  enemies  to  destroy  the  caterpillars,  and  the  moths  hatched  in  enormous  num- 
bers. These  moths,  like  house  flies  and  mosquitoes,  seek  every  available  plat^e  of 
protection  from  winter's  storm  and  cold  that  they  may  live  (hibernate)  until  spring. 
When  vegetation  starts,  the  moths,  latlen  with  eggs,  go  in  search  of  beets  or  other 
plants  furnishing  suitable  food,  to  deposit  their  eggs  and  thus  provide  for  an  early 
brood  of  worms.  If  10  per  cent  of  the  fall  brood  of  moths  survive  the  winter,  there 
is  serious  danger  that  beets  will  fare  worse  this  summer  than  they  did  last,  unless 
growers  are  early  on  their  guard  to  make  thorough  and  timely  application  of  effectual 
remedies.  Just  here  let  me  warn  all  against  experimenting  with  new  or  patent 
remedies  which  some  friend  or  vender  may  think  entirely  satisfactory.  Use  such 
remedies  very  cautiously  and  sparingly  at  first,  or  do  not  use  them  at  all. 

From  what  could  be  gathered  last  summer,  it  seems  that  there  was  a  first  brood  of 
caterpillars  at  about  the  time  for  thinning  the  beets,  which,  in  some  cases,  destroyed 
most  of  the  plants  after  thinning. 

REMEDIBS. 

Experiments  tried  last  summer  proved  that  the  common  poisons,  paris  green,  Lon- 
don purple,  and  white  arsenic,  will  destroy  the  caterpillars  if  well  distributed  upon 
the  beets.  These  poisons  may  be  applied  dry  or  in  water.  If  the  caterpillars  apj^ar 
upon  the  beets  while  the  latter  are  small,  I  believe  the  best  method  of  application  is 
to  mix  1  part  by  weight  of  paris  green  or  London  purple  with  20  parts  of  com- 
mon flour,  and  then  dust  the  mixture  over  the  plants  liefore  sunrise  in  the  morning. 
In  this  strength  a  light  dusting  will  be  sufficient.  The  early  application  is  recom- 
mended because  then  the  leaves  have  a  slight  amount  of  moisture  upon  them,  which 
helps  to  hold  the  flour  and  poison.  Just  after  the  leaves  are  moistened  by  a  shower 
18  also  a  good  time  to  make  the  application. 

To  apply  the  poi8f)n,  make  a  small  cheese-cloth  sack  about  5  inches  in  diameter 
and  10  inches  deep;  fill  it  with  the  mixture  of  poison  and  flour,  and  walk  along  a 
'ow  of  plants,  shaking  the  sack  over  them.     This  can  be  done  quite  rapidly  when 
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one  has  learned  how,  is  economical  of  poison,  and  does  not  require  wheel  barr-« 
or  wagon  to  carry  pump  and  tank. 

When  the  plants  become  large,  as  in  case  of  treatment  for  the  pecon<l  bnxMi,  it  wil 
probably  l)e  better  to  use  a  barrel  or  tank  and  spray  pump. 

If  a  spray  is  used,  apply  either  paris  green  or  London  purple  in  the  proportioD  of  a 
pound  to  100  gallons  of  water,  and  add  2  pounds  of  fresh  lime  for  earh  pound  •:€ 
poison.  The  lime  should  be  slaked  and  strained  through  a  sack  t4>  take  out  lump: 
then  use  a  nozzle  that  throws  a  fine  spray,  and  do  not  continue  the  application  in  any 
place  long  enough  so  that  the  drops  sprayed  upon  the  leaves  will  run  together  aod 
flow  off,  carrying  the  poison  with  them. 

If  white  arsenic  is  used,  prepare  according  to  the  following  directions: 

Put  2  pounds  of  white  arsenic  and  8  pounds  of  sal  soda  together  in  a  dish  and  bcil 
for  twenty  minutes  in  2  gallons  of  water,  and  keep  as  a  concentrated  solution.  It  i^ 
extremely  poisonous  and  should  be  placed  at  once  where  there  is  no  possibility  tbil 
children  or  domestic  animals  can  get  it.     Also  lal>el  it  "poison"  in  large  letters. 

Then,  in  each  40  gallons  of  water,  first  slake  4  pounds  of  lime  and  then  add  slowlr 
1  quart  of  the  cont^entrated  solution  while  the  whole  is  being  stirred.  The  mixtn:^ 
is  then  ready  for  application,  as  in  case  of  paris  green.  The  lime  should  be  straineii 
through  a  cloth  to  cake  out  the  lumps. 

I  am  advising  the  use  of  these  poisons  somewhat  stronger  than  is  common,  bat  tbr 
experience  of  last  year  makes  it  seem  advisable  to  do  so. 

Growers  should  keep  the  closest  watch  of  their  beets  this  year  in  order  not  to  lei 
the  caterpillars  get  the  start  of  them.  I  hope  to  be  notified  of  any  appearance  *^ 
these  worms  or  other  injurious  insects  promptly,  and  shall  be  glad  to  do  all  in  ray 
power  to  aid  those  who  are  anxious  to  save  their  crops  from  the  attacks  of  s^mh  ppstss. 

E.XPERIMENT8    IN    KXTERMINATINO    THE   ARMY    WORM. 

In  connection  with  what  Professor  Gillette  has  said  above,  J  insert 
the  following  report  made  by  him  in  the  July  number  of  the  Beet 
Su^ar  Gazette,  of  Chiciigo,  showing  the  success  of  his  rei'ominenda- 
tions  and  what  can  be  accomplished  by  vigilance  and  industry: 

In  the  light  of  the  trouble  we  had  last  year  in  this  locality  with  the  fall  annr 
worm,  and  which  afterwards  lx?came  known  as  the  "sugar-beet  wonn,"  it  may  be  erf 
interest  to  you  and  to  all  sugar-beet  raisers  to  know  that  we  found  a  very  stmple 
remedy  for  it  last  year,  and  that  we  have  no  appearance  of  its  return  at  this  Ximt 
The  remedy  was  in  saturating  the  ground  with  water,  killing  the  pupa,  which  enter? 
the  ground  after  each  successive  visitation  of  the  worms,  and  there  hatches  out  into 
the  moth,  which  deposits  the  eggs  for  the  next  brood.  It  was  discovered  that  on  the 
fields  where  irrigation  was  in  progress  when  the  first  brood  made  its  appearaoiY 
there  was  no  second  brood,  and,  following  this  up,  we  had  the  ground  very  thor- 
oughly irrigated  after  the  second  brood,  which  seems  to  have  entirely  drowne^i  t«t 
the  jnipa?,  and  this  year  there  is  no  probability  that  we  will  l>e  bothere<l  with  them. 

As  this  pest  was  a  serious  matter  with  us  last  year,  and  as  we  learn  it  has  made  a 
visitation  to  other  beet-raising  districts,  we  felt  that  this  news  should  be  ciiruUteil 
as  widely  as  possible,  and  in  irrigated  districts  particularly  it  would  be  very  e»y  to 
follow  up  our  methods.  In  the  rain  districts  we  would  expect  the  heavy  rains  to 
accomplish  the  same  result. 

AVe  also  found  that  the  worms  were  very  easily  killed  with  itma  green,  as  their 
work  is  entirely  on  the  upper  surface  of  the  leaves  during  all  the  early  staples,  and 
only  in  the  worst,  or  advanced,  stages  did  they  attempt  to  work  at  the  bci^  of  ihe 
leaves  or  in  the  crown  of  the  l)eet.  One  matter  which  facilitated  the  killing  of  these 
worms  was  the  discovery  that  the  l)eet  plant  was  not  easily  injured  by  arsenical 
IKjisons,  and  that  the  strength  which  would  be  injurious  to  tree  foliage  and  mudl 
other  vegetation  has  no  effect  whatever  upon  the  beet  leaves.     We  used  it  in 
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instances  to  the  extent  of  2  pounds  to  the  barrel,  with  the  addition  of  from  1  to 
2  pounds  of  lime  to  each  quarter  pound  of  the  arsenic  or  paris  green,  and  the 
leaves  seemed  to  be  in  just  as  good  shape  after  its  application.  We  found  that  half 
a  pound  to  the  barrel,  thoroughly  applie<l,  was  sufficient  to  kill  the  worm  by  simply 
spraying  over  the  fields. 

REPORTS  OF   MANAGERS  OF   FACTORIES. 

At  the  time  I  sent  out  letters  to  experiment-station  workers  I  also 
sent  out  letters  to  managers  of  factories,  calling  for  specific  data  cov- 
ering the  experience  of  these  factory  districts  during  the  season  with 
diseases  and  insects  aflfecting  the  beets. 

It  appears  that  the  manufacturers  had  been  early  aroused  to  the 
importance  of  the  situation,  and,  in  their  replies,  were  able  to  fur- 
nish some  ver}'  valuable  information,  covering  not  only  a  description 
of  the  symptoms,  but  much  scientific  information  bearing  on  the  sub- 
ject. They  called  to  their  aid  the  best  scientific  assistance  they  could 
secure  to  solve  the  problems  before  them.  Much  of  the  results  is 
sp)eculative,  but  throughout  these  reports  are  man}'  important  facts 
tliat  will  aid  the  sugar-beet  grower  in  the  future  in  classifying  the 
beet  enemies  he  has  to  contend  with  and  applying  remedies. 

The  reports  of  the  managers  of  those  factories  follow: 

Beet  Root  Buoht  in  California. 

Alameda  Sugar  Company, 
tSfm  Fraurixajy  Ta/.,  (htolnnr  H,  KKX), 

The  following  is  submitted  in  reply  to  yours  of  September  24,  1900: 

In  1899  the  fields  of  the  Union  Su|^r  Company  were  badly  affected  by  this  discai<e, 
and  much  time  and  money  were  expended  to  determine  the  (rause,  and,  if  possible, 
the  remedy.  Our  bacteriologist  isolateil  the  bacillus  and  determined  it  to  Ik*  Bntieriose 
(pimmoifis.  The  same  disease  was  first  noticed  in  1890,  and  more  particularly  described 
by  Sorauer,  in  1893,  and  by  A.  Stift,  of  Vienna,  in  1899.  Of  the  agent  in  causing  the 
disease  there  can  be  no  doubt,  but  here  our  knowledge  ends  and  sjieculation  liegins. 

In  Europe  where  the  disease  has  caused  as  widespread  injury  a.s  in  the  United 
States  it  has  been  attributed  to  drought,  but  from  the  writer's  observation  this  can  not 
l)e  the  cause  in  all  cases,  for  in  this  State  on  the  farms  of  the  Spreckels  Sugar  Com- 
fiany  this  year,  the  land  was  well  irrigated  and  yet  the  blight  destroyed  the  entire 
crop.  In  Pajaro  Valley  the  rainfall  was  about  30  inches,  but  disease  has  so  affected 
the  crop  as  to  reduce  it  to  about  one-tiiird. 

This  year  the  fields  of  the  Union  Sugar  Company  were  not  materially  affected  by 
l)acteriosis,  although  it  wa6  present  in  isolated  cases,  and  yet  on  unirrigated  lands, 
although  the  drought  has  greatly  diminished  the  yield,  there  was  no  spreading  of  the 
disease.  On  irrigated  lands  there  were  also  isolated  cases  of  bacteriosis,  but  they 
were  insignificant. 

On  lands  tributary  to  the  Alameda  Sugar  Company  there  was  no  olwiervation  of  the 
disease  in  1899,  but  in  1900  the  beet  area  was  affe<'ted  with  it  to  a  limited  extent,  say 
2  |)er  cent  of  the  whole  acreage,  and  this  in  but  one  or  two  fields. 

Many  have  attributed  the  cause  to  bacteria  occurring  in  the  setnl  used,  but  the  seed 
iiHe<l  by  both  the  Alameda  and  Union  Sugar  companies  in  18V)9  and  1900  was  of  the 
same  importation  as  that  sown  for  the  Alameda  Comjiany  in  1898,  and  the  disease 
was  not  then  noticed  in  this  State.  But  to  determine  this  question  we  had  cultures 
made  from  the  see<l  l)oth  from  the  surface  and  germ,  and  from  all  the  varieties  use<l 
without  resultti. 
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(^ultureH  were  also  inade  of  the  soil  from  samples  taken  to  the  depth  of  2  leet.  be 
although  the  cultures  were  prolifio  in  life  forms,  none  like  Bacieriotte  gtimmom*  coald 
be  isolated.  These  cultures  can  not,  however,  be  i-egarded  as  I'onclusive  for  the  reascs 
that  the  samples  were  taken  in  the  month  of  December,  quite  long  after  the  beefr 
w^ere  harvested  and  after  rains  had  fallen.  The  depth  to  which  the  noil  sacDple  w 
taken  may  also  have  been  of  importance.  From  the  fact  that  potatoes,  tomatocf^ 
squashes,  and  other  vegetables  have  been  materially  injured  by  the  same  or  a  fdmilar 
disease  in  various  localities  in  California,  it  would  seem  that  the  bacteria  migrht  lie  in 
the  soil  notwithstanding. 

Several  test  experiments  were  made  on  plots  of  land  far  removed  from  the  het\ 
fields,  as  follows: 

1.  Beet  seed  was  sown  in  April,  1900,  and  after  thinning,  carefully  examined  it 
various  times,  bacteriologically,  without  result. 

2.  Young  plants  from  disease-free  fields  were  transplanted  to  this  plot  for  obspr- 
vation.     They  remained  free  from  disease. 

3.  Young  beets  from  diseased  fields  were  also  transplanted  and  studied.  EveTy 
care  was  given  in  the  way  of  cultivation  and  moisture  to  see  if  the  beets  would  recover. 
Thev  did  not  recover. 

4.  Healthy  beets  from  the  previous  year  were  inoculated  from  cultures  of  Baderifm 
gvmmomj  but  without  success. 

5.  Healthy  beets  from  this  year's  planting  were  inoculated  with  cultures  of  BaeUnotf 
gummomn  from  affected  beets  from  Los  Alamos,  Kings  City,  and  Santa  Maria,  but  tb? 
results  were  not  definite.  A  fourth  beet  was  inoculated  with  Bacteriose  fluortscmM 
without  result. 

A.  Stift,  of  Vienna,  previously  mentioned,  claims  to  have  succeeded  in  inocnlatiDg 
healthy  beets  with  the  virus  of  this  disease,  but  all  attempts  in  this  direction  by  our 
ba<!teriologi8t  w^ere  unsatisfactory. 

Comparative  cultures  from  diseased  beets  of  1899  and  1900  showed  that  the  bacteria 
of  1900  were  less  numerous  and  more  attenuated  than  those  from  1899. 

Opinions  have  been  expressed  locally  that  the  lack  of  moisture  in  the  soil,  at  depths 
of  2  feet  and  more,  has  much  to  do  with  the  unhealthy  condition  of  the  plant,  and 
that  when  the  soil  is  restored  to  its  normal  conditions  by  ample  rainfall  there  will  be 
no  further  trouble. 

Certain  it  is  that  in  one  examination  made  by  digging  alongside  a  row  of  beets  and 
following  the  roots  down  to  their  utmost  limit,  blight  was  found  only  in  those  beets 
which  reached  the  dry  subsoil,  whereas  those  roots  which  had  not  yet  penetrate 
the  moist  layer,  showed  no  signs  of  blight.  As  this  was  an  isolated  case,  perhaps  do 
conclusions  should  be  drawn  from  it,  especially  as  in  other  localities  roots  still  in 
moist  soil  showed  the  disease. 

In  general  among  those  connected  with  the  industry  with  whom  the  writter  has 
conversed,  the  opinion  prevails  that  thus  far  but  little  progress  has  been  made  in 
acquiring  knowledge  of  the  cause  of  the  disease  or  in  devising  methods  to  comliat  it. 
Yours,  very  truly, 

Alameda  Sugar  Company  and 
Union  Sugar  Company, 
By  K.  C.  BuRB,  Manager, 


American  Beet  Sugar  Company, 

(Jhino,  Od.y  October  1,  1900, 
We  beg  to  acknowledge  yours  of  the  24th  ultimo,  and  in  reply  we  beg  to  say  that 
the  root  blight  of  which  you  speak  has  not  appeared  at  this  place.     The  blight  which 
has  affected  our  beets  is  not  ai)parently  in  any  way  a  rot,  as  the  beets  remain  perfectly 
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ind.  The  leaves  curl  up  and  wilt,  the  growth  of  the  beet  is  apparently  arrested, 
and  it  throws  out  innumerable  very  small  rootlets,  sometimes  almost  entirely  cover- 
ings one  side  of  the  beet,  so  that,  when  it  is  taken  from  the  ground,  the  body  is  very 
smAll,  with  a  large  mass  of  roots.  We  can  not  give  any  cause  for  the  blight,  as  the 
various  parties  who  have  made  investigations  apparently  do  not  agree.  Some  think 
it  <lue  to  climatic  conditions,  some  to  a  fungous  growth,  and  others  to  Imcteria.  The 
blight  usually  does  not  develop  until  the  beets  have  taken  two  or  three  months'  growth. 

Yours,  truly, 

American  Beet  Sugar  Company, 

Per  Anderson. 


Loa  Alamitoh  Sugar  Company, 

Lo9  AlamitoHf  Cal.j  January  10^  190 L 

There  was  very  little  rainfall  for  the  season  1900,  also  for  the  two  preceding  seasons, 
so  that  there  was  very  little  moisture  in  the  subsoil  and  for  many  feet  below. 

In  regard  to  root  blight  it  first  appeared  about  the  Ist  of  June.  There  ha<l  been 
no  rain  for  nearly  a  month.  On  the  drient  light  sandy  soil  the  l)eet  cease<l  growing, 
turned  yellow;  small  leaves  in  the  center  of  crown  turned  black  and  a  gummy  sub- 
stance exuded.  There  was  no  rot;  the  beet  began  drj'ing  up  though  still  showing 
signs  of  life;  the  fiber  turned  black,  showing  rings  of  blackness,  and  the  beet  was 
almost  entirely  covered  ynih  small  fine  roots.  Beets  on  moist  land  were  not  affe<'ted. 
It  wa*  the  fourth  year  of  planting  on  this  land,  no  beets  having  l)een  har\'ested  the 
two  preceding  years.  The  cn)p  was  badly  damaged  in  sections  of  four  different  con- 
tiguous fields.     Drought  is  the  only  cause  I  am  able  to  suggest.     There  was  only  one 

disease  here. 

Los  Alamitoh  Sugar  Company. 


California  and  Hawaiian  Sugar  RsriNiNO  Company, 

CrockeUy  (\tl.,  February  ^S,  1901. 

In  response  to  yours  of  recent  date,  we  send  you  reports  from  the  managers  of  a 
number  of  our  large  beet  fanns. 

(Signed)  California  and  Hawaiian  Sugar  Refinincj  Co. 

Caiicord  diMrict,  Omtra  (hsUi  Countv. 

iknl. — I  am  working  all  kinds  of  alluvial  land,  both  light  and  dark  sefliment  land, 
sediment  and  adobe  mixed,  alkali,  and  adobe.  Practically  all  of  this  land  has  a 
heavy  adobe  subsoil,  which  is  very  cold. 

CHmaie. — Our  seiiBon's  rainfall  was  about  15.75  inches,  commencing  in  November, 
1899,  and  stopping  with  light  storms  in  March.  Of  this  we  had  11  inches  previous 
to  the  5th  of  January,  Our  season  was  therefore  mostly  free  from  spring  rains,  which 
we  must  depend  on  here  to  carry  us  through  a  long  dry  summer.  During  Decemljer 
and  January  we  had  six  or  seven  weeks  of  foggy  weather,  during  which  we  had 
numerous  light  rains,  which  kept  the  surface  of  our  land  wet,  prevented  plo\^ing 
most  of  the  time,  and  caused  a  rank  growth  of  natural  vegetation,  which  naturally 
<lrie8  out  the  land  very  fast. 

Our  winter  was  remarkably  free  from  frost,  with  a  good  deal  of  damp  weather; 
the  ground  was  wet  to  a  depth  of  from  4  to  5  feet.  Most  of  our  plowing  was  done 
after  February  1,  1900,  which  was  too  late  in  the  season  for  goo<l  results. 

Remit*  and  observations. — On  100  acres  of  very  heavy  land,  which  T  had  plowe<l 
deep  during  June,  1898,  for  Ix^et  summer  fallow,  we  had  a  gcHKl  crop  <>{  l>eets,  which 
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were  in  eplendid  shape,  and  were  clean  and  free  from  rootlets,  of  good  color  and 
crisp;  we  had  similar  reeoltB  on  another  field  where  the  ground  was  lighter,  being 
low  and  having  a  better  supply  of  moistare,  also  having  been  worked  early  in  the 
season,  but  plowed  rather  shallow.  The  above  iiesalts  were  secured  even  where  we 
had  to  plow  under  a  heavy  growth  of  grass  late  in  the  season,  thus  losing  considerable 
moisture. 

Aside  from  the  above-mentioned  fields,  we  had  mostly  a  light  crop  of  beets  on  all 
lands  alike,  most  of  the  land  having  been  plowed  during  late  winter  or  early  spring, 
and  being  new  beet  land  it  broke  up  cloddy.  The  season  was  such  that  the  land  did 
not  slack,  owing  to  the  absence  of  frost  and  sun,  and  was  only  reduced  to  a  peed  bed 
by  much  harrowing,  smoothing,  etc.,  which  packed  the  land  too  solid,  though  a 
good  stand  of  thrifty  beets  was  secured.  They  stopped  growing  entirely  about  th« 
middle  of  June,  when  the  hot  weather  came  on,  and  the  greater  part  of  them  burned 
later  in  the  season.  Examination  at  this  time  showed  that  the  beets  were  covered 
from  the  crown  down  on  the  root  with  a  network  of  fibrous  rootlets.  I  think  the 
trouble  with  our  beet  crop  in  thia  valley  the  present  year  was  caused  by  lack  of  frost 
and  sun  during  winter  to  slacken  the  clods  and  liberate  the  acid  from  the  soil;  and 
also,  lack  of  moisture  to  sustain  the  heeta  when  the  warm  weather  came;  thus  the 
fungus  attacked  the  beet8  and  checked  the  growth. 

The  failure  of  our  beet  crop  by  whp.t  is  known  as  "blight"  is,  I  think,  the  result 
of  a  combination  of  conditions,  namely:  The  acid  in  our  soil  causing  the  fungus  in 
hot  weather,  which  attacks  the  root  of  the  beet;  at  the  same  time  there  was  a 
shortage  of  moisture,  and  the  beet  plant  was  not  in  a  vigorous  condition  to  withstand 
attack. 

I  do  not  expect  to  see  so-called  blight  next  year. 

Yours,  respectfully,  R.  N.  BracEss, 

Mnnager  Ifookntan  Sugar- Beet  Farm. 

Report  from  K.  G.  Raafy  Sonoma  County, 

Replying  to  your  inquiry  in  regard  to  beet  diseases,  I  will  say  that  at  this  location 
the  soil  is  sedimentary,  composed  of  sand,  clay,  and  decayed  vegetable  mattere,  and 
has  been  reclaimed  from  the  waters  of  the  bay  about  ten  years.  Last  year  the  land  was 
plowed  and  planted  to  beets  for  the  first  time,  with  the  exception  of  three  small  trial 
patches  planted  three  years  ago,  which  turned  out  beets  fine  in  quantity  and  quality, 
an<i  apparently  free  from  all  diseases.  Last  year  something  affected  the  lieets  which 
I  never  saw  before,  although  I  have  been  raising  beets  for  the  last  nineteen  years  in 
almost  all  sorts  of  soils  and  climate.  I  am  acquainted  with  the  ix)mmon  diseases  and 
insects  that  attack  the  beets,  but  have  never  seen  anything  like  what  appeared  la^t 
season  and  what  has  been  called  "blight.''  It  appeared  only  in  patches  here,  and 
earlier  beets  were  attattked  more  than  the  later  planting;  those  planted  in  May  were 
nearly  free  from  the  trouble,  but  I  noticed  that  it  was  the  opposite  of  other  places. 

I  have  some  l")eets  now  growing  that  came  up  in  the  month  of  November  which  are 
from  one-half  to  1  inch  in  diameter,  and  they  have  a  healthy  appearance,  the  root** 
being  free  from  the  disease.  It  is  my  idea  that  something  attacked  the  beet  at  the 
germination  of  the  seed,  because  as  soon  as  the  two  leaves  were  formed  we  noticed 
something  wrong.  After  the  plant  formed  four  to  six  leaves  they  were  of  a  light 
color,  and  on  pulling  up  the  root  it  was  found  that  the  small  fibers  lengthwise  of  the 
beet  were  dark  in  color;  but  the  beet  continued  growing  some  until  a  fibrous,  hairy 
growth  appeared  on  the  outside;  then  the  plant  seemed  to  stop  growing,  but  neither 
decaying  nor  dying,  as  the  climate  here  is  favorable  to  growth. 

The  center  leaves  would  drop  off  while  new  ones  came  on,  the  root  getting  hard 
and  wo(xiy  after  two  months.  What  the  cause  of  this  is  I  do  not  know,  but  as  you 
ask  for  opinions  I  will  state  that  I  believe  it  is  of  a  fungous  origin,  that  conditions 
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probably  were  favorable  for  its  growth,  and  that  it  is  like  the  fungi  that  appear  on 
other  plants  when  conditions  are  favorable  for  the  same. 

Shall  be  pleased  to  find  out  something  definite  about  this  disease  and  what  is  the 
cause  of  its  appearance.  It  was  such  a  destructive  agent  among  the  beet  growers 
of  thifl  State  that  no  effort  should  be  spared  to  find  out  what  it  is,  and  the  proper 
remedy  for  the  same.  I  saw  land  irrigated,  land  not  irrigated,  sandy  loam,  and 
adobe,  but  this  disease  seemed  to  get  in  its  work  everywhere. 
Yours,  truly, 

K.  G.  Raaf, 
In  charge  of  Beet  Farm  at  Reclamation. 

Sui^un  diatricty  Solano  Cotinty. 

In  replying  to  your  request  for  information  regarding  the  sugar-beet  crop,  conditions 
of  soil,  etc.,  for  the  year  1900,  I  will  say  the  season  was  very  unsatisfactory  in  this 
locality,  owing  to  the  limited  rainfall — which  was  only  about  17  inches  for  the  season, 
a  greater  part  of  which  fell  prior  to  February  16,  and  which  was  barely  two-thirds 
the  UBual  amount  for  this  section — and  also  to  the  entire  absence  of  the  necessary 
spring  rains. 

The  greater  part  of  our  land  having  never  been  plowed  deep  before,  the  proper  seed 
bed  could  not  be  prepared  in  time,  as  we  were  unable  to  work  the  land  until  February. 
Our  land  is  principally  adobe,  with  the  exception  of  about  200  acres  of  sandy  sedi- 
ment from  which  we  harvested  our  best  beets,  this  land  being  the  best  prepared 
and  earliest  planted. 

We  b^an  seeding  about  the  middle  of  February,  finishing  early  in  May,  seeding 
in  all  at)out  1,000  acres.  Owing  to  the  late  seeding  and  lack  of  moisture,  there  were 
several  hundred  acres  upon  which  we  failed  to  get  a  stand.  We  had  a  fair  average 
stand  on  about  800  acres,  which  grew  well  until  about  the  middle  of  July,  when  they 
began  to  dry  in  patches,  the  leaves  shriveled,  turned  yellow,  and  the  beet  shrunk 
and  died.  In  other  places  the  leaves  turned  black  and  appeared  as  if  they  had  been 
scorched  by  fire.  They  were  very  brittle  and  would  crumble  when  touche<l,  but  the 
beet  did  not  show  any  damage. 

We  began  cultivating  when  the  plants  were  about  3  inches  high,  and  continued 
until  they  were  too  laige  for  the  cultivator  to  pass  between  the  rows. 


Cordelia  district^  Solano  County, 

In  replying  to  your  questions  as  to  conditions  of  beet  crop  for  year  1900,  I  will 
state  that  the  season  was  a  most  unsatisfactory  one  for  beet  farming,  and  under  the 
conditions  prevailing  I  am  not  at  all  surprised  at  the  results.  We  had  in  all  about 
17  inches  of  rain,  and,  falling  the  way  it  did,  this  is  a  small  amount  for  this  locality, 
the  two  previous  seasons  being  dry.  Almost  all  of  the  rain  fell  before  the  middle  of 
February,  so  we  had  no  late  spring  rains,  without  which  in  this  location  the  beet 
crop  is  almost  sure  to  be  a  failure.  The  season  was  free  from  frosts,  with  continual 
fogs  during  the  months  of  January  and  February.  The  weather,  l)eing  wann,  caused 
a  great  deal  of  vegetation  to  grow  upon  the  land.  The  land,  l>eing  a  heavy  i<oil 
mixed  with  more  or  less  adobe  and  alkali  streaks,  is  hanl  to  work  and  prepare  in 
proper  shape  for  beets.  Under  the  conditions  prevailing,  we  were  unable  to  com- 
mence plowing  the  land  until  the  15th  of  January,  which  is  very  late.  The  most  of 
this  land  was  never  worked  for  beets  before.  The  fogs  prevailing  at  the  time  kept 
the  land  wet  and  moist,  preventing  harrowing  and  working  otherwise. 

Commenced  planting  on  20th  of  March,  finished  on  28th  of  April,  having  seeded 
about  750  acres.  Had  a  good  average  stand  on  about  400  acres.  The  balance  of  need 
planted  failed  to  come  up  with  exception  of  patches.  We  had  about  1  in<*h  of 
rain  shortly  after  commencing  to  plant  seed.    The  beets  were  well  cultivated,  and 
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on  400  aores  looked  well  and  thrifty  until  early  in  July,  when  they  peemed  to  stop 

growing,  and  in  patches  seemed  to  be  affected  with  blight     The  leaver  commeziced 

to  turn  yellow  and  die.     The  weather  all  along  up  to  this  time  had  been  cool.     After 

a  Rhort  warm  Hpell  it  turned  cool  again.     Then  the  beetP  already  turned  yellow  began 

to  UM)k  green  once  more  and,  I  think,  commenced  to  grow  again.     Later  on  I  noticed 

something  different,  but  only  odd  beets,  some  on  high  land,  but  I  think  a  bi^ygger 

percentage  of  those  were  on  low  alkali  lands.     Attention  was  drawn  to  these  beetv 

by  their  leaves  being  dead,  and  on  pulling  the  beets  they  would  be  black  and  cov- 

ere<l  with  a  fungous  growth,  the  dirt  adhering  to  the  beet.     It  is  my  judgment  thoeie 

beets  were  attacked  by  some  insects.     While  thinning  I  noticed  some  plants  affected 

in  the  same  manner. 

J.  Smfth, 

Foreman  Cordelia  Dtstrid,  Solano  County,  OiL 
Report  from  Xeiv  Hope  district. 

• 

The  disturbance  appeared  about  the  middle  of  June.  At  that  time  the  weather 
was  unusually  hot,  with  almost  continual  high,  hot  north  winds.  Between  the  firw 
and  middle  of  June  there  were  three  very  hot  days.  The  first  thing  noticed  wa? 
the  leaves  turning  yellowish  and  curling  up.  Later  on  the  outside  leaves  dried  up 
and  fell  off.  The  center  leaves  started  out  again  and  looked  to  be  healthy,  hat 
somewhat  smaller.  Some  plants  were  affected  more  than  others.  Ones  that  were 
most  affected  did  not  grow  after  the  leaves  curled.  The  beets  that  were  planted 
early  were  not  affected  so  much  as  the  late  ones.  The  upper  part  of  the  beet  root 
did  not  seem  to  be  affected  so  much  with  the  small  fibrous  roots  as  did  the  body  of 
the  beet. 

There  was  plenty  of  moisture  all  this  time,  and  when  a  beet  was  pulled  the  stul 
would  adhere  to  the  small  fibrous  roots  in  a  large  quantity  and  it  was  full  of  moisture. 
The  early  prospects  were  that  from  10  to  15  tons  per  acre  would  be  harvested,  but 
owing  to  this  blight  only  about  2  tons  per  acre  were  harvested  on  an  average. 
Beett*  that  were  most  affected  with  the  small  fibrous  roots,  when  cut  open,  were  of  a 
darker  (;olor  than  those  that  were  not.  In  my  opinion  the  cause  was  too  much 
early  hot  weather,  with  too  much  wind,  which  kept  the  (iews  from  falling,  and  at 
the  same  time  kept  the  tops  of  the  beets  continually  moving  night  and  day. 

I  notit^eil  in  the  bottom  of  the  sloughs  that  the  beets  were  not  near  so  much 
affected  where  they  were  protected  from  the  wind. 

D.  L.  Smith, 
Foreman  of  Beet  Ranch  at  New  HopCy  San  Joaquin  County^  Col. 

Diseases  of  Sugar  Beets  in  Colorado. 

American  Beet  Sugar  Company, 

Rockyfordj  Coh.,  October  /,  1900, 

We  beg  to  acknowledge  receipt  of  your  favor  of  the  24th  instant,  and  wish  to  say 
in  reply  that  the  root  blight  of  sugar  l^eets  has  appeared  in  the  district  of  the  Rocky- 
ford  factory  to  such  a  small  degree  and  so  sporadically  that  no  definite  conclusioD 
as  to  the  cause  of  the  disease  can  be  drawn.  The  acreage  for  the  Rockyfortl  factory 
is  spread  over  the  territory  from  Pueblo,  Colo.,  to  Holly,  Colo. 

In  explanation,  we  wish  to  say  that  affected  beets  are  found  on  light  and  heavy 
soil;  on  land  which  has  been  irrigated  three  times,  as  well  as  on  land  which  was  not 
irrigated,  and  the  diseased  beets  showed  up  in  early  as  well  as  in  late  plantings. 
The  disease  developed  only  to  such  a  small  degree  that  the  few  blighted  beets  would 
never  have  been  detecte<l  had  not  a  very  careful  search  been  made  for  them  after  we 
received  notice  of  the  ap|H»arance  of  the  dinease  in  California. 

During  the  last  three  weekn  blighted  beets  have  practically  disappeared,  so  that 
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fields  which  showed  a  few  diaeaeeil  l>eete  four  or  JSve  weeks  ago,  at  the  time  when 
the  >veather  was  very  hot,  are  now,  so  to  say,  free  from  blight. 

As  to  the  point  whether  the  land  upon  which  a  crop  of  beets  has  been  blighted 
one  year  w^ili  transmit  the  same  trouble  to  a  succeeding  crop  of  beets,  we  can  not  give 
data,  as  beets  on  a  large  scale  for  manufacturing  purposes  are  grown  this  season  for 
the  first  time  in  this  locality. 

Very  truly,  yours,  American  Beet  Sugar  ('«,, 

Per  WiETZER,  Manager. 

Experience  with  Beet  Diseases  in  Illinois. 

Illinois  Su(}ar  Refinino  Company, 

Pekin,  lU.,  October  6,  1900. 
Your  letter  of  some  days  since  to  the  Illinois  Sugar  Refining  Company,  relative  to 
the  root  blight  of  l)eetfl,  has  been  placed  in  my  hands.  In  reply  will  say  that  in 
some  of  our  fields,  where  the  soil  is  strong,  and  especially  where  the  dirt  was  thrown 
up  into  the  crown  of  the  l)eet*«,  there  has  been  some  loss  from  rot;  however,  it  has 
always  appeared  first  at  the  crown  of  the  beet  and  worked  downward.  In  most  of 
our  fields  there  has  been  no  Ions  whatever  from  this  rot  and  in  the  fields  most  affected 
the  damage  would  not  exceed  6  or  8  per  cent  at  the  outside. 

We  have  been  troubled  some,  especially  in  localities  where  beets  were  grown  last 
year,  with  leaf  rust  or  blight.  This  appeared  in  places  in  our  fields  about  September 
1  and  the  leaves  all  died  down  in  the  spots  or  fields  affected;  however,  most  of  the 
beets  have  sent  out  new  leaves  and  the  fields  are  as  green  as  at  any  time  during  the 
growing  season. 

We  will  be  only  too  glad  to  cooperate  with  you  in  any  way  possible  and  we  take 
pleasure  in  sending  you  samples  of  the  affected  beets. 

Very  respectfully,  P.  G.  Holden, 

Superintendent  Agricultural  Department. 

Report  of  a  Minnesota  Factory. 

Minnesota  Sugar  Company, 
St.  Louis  Park,  Minn.^  September  j?7,  1900. 
Replying  to  your  valued  favor  of  September  24,  we  are  pleased  to  state  that  as  far 
as  we  have  been  able  to  ascertain,  the  root  blight  has  not  l>een  noticed  by  our  agri- 
culturists and  farmers  in  any  of  the  territories  where  the  sugar  l>eets  have  been  cul- 
tivated for  us.     In  a  few  cases  the  leaf  blight  was  noticed,  but  without  any  serious 
effect.     The  writer  has  found  a  solution  of  xanthoginate  of  sodium  or  potassium 
(the  sulpho-carbon  double  salt),  an  effective  remedy  for  the  leaf  blight. 
Respectfully, 

F.  W.  Fink,  General  Manager. 


January  23,  1901. 

Your  esteemed  favor  of  December  24  was  forwarded  to  my  present  address,  where 
I  am  staying  for  a  while  to  attend  to  some  business  and  private  matters. 

Inclosed  please  find  answers  to  your  list  of  interrogations,  and  also  some  remarks 
on  last  season,  to  which  I  refer. 

In  regard  to  diseases  affe<*ting  the  l)eet  plant,  which  have  been  prevalent  in  other 
parts  of  the  United  States  and  in  European  countries,  I  am  glad  to  state  that  our  sec- 
tion has  been  spared,  with  the  exception  of  some  leaf  blight  in  a  mild  degree,  of 
which  I  spoke  in  a  previous  communication,  and  which  occurred  in  a  few  fields  only, 
without  doing  any  damage  to  the  crop.     It  was  nuticeii  only  in  a  single  instance  that 
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a  portion  of  1  carload  of  beete  out  of  about  25  carloade  from  the  same  farm  (that  ci 
Thomafl  Ix)wry,  Moiitj?oniery,  Minn.)  waa  affected  by  a  funf^us  growth  of  a  brown. 
woody,  fibrouH  character.  As  nearly  as  I  could  ascertain,  these  diseased  beets  were 
the  product  of  a  small  patch  of  which  evidently  the  soil  contained  the  orif^n  of  tike 
fungus.  All  the  rest  of  the  beet  field  (about  25  acres)  was  not  affected,  bat  remained 
in  a  healthy  condition. 

Respectfully,  F.  W.  Fixk. 

ViBWH  OP  Michigan  MANrFAcrrRBRs. 

Kalamazoo  Beet  S^gar  Compaxt, 

Kalamazoo,  Mich.,  January  i.>,  1901, 

The  secretary  of  our  company  (Kalamazoo  Beet  Sugar  Company)  forwarded  me 
your  letter  of  inquiry  of  Decemder  27,  1900.  I  will  answer  you  to  the  best  of  my 
ability  and  knowledge. 

The  so-called  "root  blight,"  or  **root  rot "  I  would  define  as  three  distinct  tliaea^es, 
and  possibly  four,  which  are  caused  by  conditions  of  soil  and  climate  and  the  work  of 
insects. 

The  first  \^ill  be  noticed  in  one  or  two  weeks  after  plants  come  up;  the  bark  of  the 
root  will  turn  black,  and  if  unfavorable  conditions  continue  it  will  rot  the  beart  of 
the  plant.  It  is  caused  by  excessive  wet  and  by  ground  becoming  heated.  It  can  in 
almost  all  cases  be  cured  by  thorough  cultivation,  airing  the  soil,  unless  wet  weather 
continues.     We  lost  about  4  per  cent  from  this  cause. 

The  next  condition  in  this  line  appeared  about  July  1.  We  would  notice  a  plant 
here  and  there  decayed  in  the  root  and  such  a  plant  would  soon  die,  and  sometimes 
several  around  it  would  die;  on  examination  I  found  small  white  worms  in  thoee 
roots,  whether  the  affection  was  caused  by  the  worms  and  whether  it  was  contagious 
are  (juestions  I  am  not  able  to  answer,  nor  am  I  able  to  prescribe  any  cure.  We  lost 
poHsibly  one-half  per  cent  from  this  cause. 

About  July  15  the  leaf  spot  begun  to  appear  on  the  leaves,  small  brown  spots  with 
darker  margins  and  sometimes  the  edges  of  leaves  would  turn  black  and  roll  up  dry. 
The  disease  would  grow  down  from  leaves  to  the  root,  making  a  fungous-rib  growth 
around  the  crown  of  beet,  with  sometimes  spots  appearing  low^er  down  on  the  root. 
It  would  stop  the  growth  of  the  root,  and  affected  beets  showed  a  low  percentage  of 
sugar.  The  only  remedy  I  found  that  would  do  any  good  was  the  Bordeaux  mixture. 
We  lost  probably  3  per  cent  from  this  cause. 

The  last  half  of  July  and  first  part  of  August  we  experiencecf  wet  weather  in  part  of 
our  territory,  and,  where  drainage  was  poor,  the  ground  was  so  heated  and  became 
so  wet  that  it  scalded  the  roots,  retarding  the  growth  and  in  extreme  cases  rotting 
the  root.  The  leaf  spot  I  think  is  caused  by  the  conditions  of  the  soil,  partly  drain- 
age, and  partly  from  ingredients  of  soil.  Hoping  you  will  find  this  information 
satisfactory, 

I  am,  yours,  truly,  C.  S.  Bender, 

AgricuUuTXfi  for  the  Kalamazoo  Beet  Sugar  Company. 


Alma  Sugar  Company, 
Alma,  Mich.,  September  S6,  1900. 
Replying  to  yours  of  the  24th  instant,  I  will  say  that  we  have  not  as  yet  had  any 
experience  with  the  root  blight  to  which  you  refer;  consequently  we  can  not  give 
you  any  information  bearing  on  the  subject. 

Yours,  respectfully,  Alma  Sugar  Co., 

Per  F.  R.  Hathaway, 

General  Manager. 
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Holland  Sugak  Company, 
Holland,  Mich.,  September  26,  1900, 
JDrajr  Sir:  Beferring  to  your  favor  of  September  24,  we  will  say  that  we  have 
examined  our  beet  fields  somewhat  during  the  latter  part  of  the  summer  for  this  root 
blight  and  have  found  but  little  of  it.     A  large  percentage  of  our  beets  have  been 
HO'wn  this  year  on  low  land,  and  we  have  had  a  very  wet  season,  so  that  there  is  con- 
siderable rot  on  this  lowest  land,  but  it  does  not  afEect  the  beet  in  the  same  way  as 
this  root  blight  seems  to,  so  we  call  it  simply  ordinary  rot.     What  root  bll.  ht  we 
have  found  has  been  lately  on  the  higher  land,  and  especially  on  the  light  gravelly 
soil.      We  have  had,  however,  a  few  cases  on  the  lower  land.     Some  places  where  it 
has  started  on  the  row  it  seems  to  follow  right  along,  taking  every  beet.     We  have 
sent  some  samples  to  Washington  for  analysis,  and  will  gladly  furnish  samples  to 
onr  own  experiment  station  at  Lansing.    The  blight  does  not  seem  to  be  at  all  serious 
in  this  section. 

Very  respectfully,  Holland  Sugar  Co., 

0.  M.  McLban,  Manager. 
Per  S. 


January  29,  1901. 
Our  beets  this  past  season  were  damageil  very  little  by  any  disease.     There  was 
only  here  and  there  a  field  in  which  we  found  anything  that  might  come  under  the 
head  of  **  beet  blight,"  and  no  field  was  seriously  injured.     The  traces  we  found  in 
nearly  ever>'  case  were  on  high  ground,  usually  in  poor  soil.     Here  in  an  advanced 
case  the  leaves  would  be  entirely  gone  save  for  a  dark  mark  on  the  ground  where 
they  had  lain;  the  loot  would  retain  nearly  or  quite  its  full  size,  but  would  have 
\A\  only  what  might  be  called  the  fibnms  framework,  dry,  brownish  in  color,  brittle, 
and,   of  course,  entirely  lifeless.     In  some  instances  the  disease  would  appear  to 
follow  up  the  row  from  beet  to  beet,  taking  every  root  for  wveral  rotis. 
We  regret  that  we  can  not  give  you  more  specific  data. 

Yours,  very  respectfully,  Holland  Sicjar  Co., 

C.  M.  McLean,  Manager. 


The  Wolverine  Sugar  Company, 
Benton  Harbor,  Mich.,  September  26,  19()0. 

Dear  Sir:  We  have  received  yours  of  24th,  an»l  in  reply  will  say  that  we  expe- 
rienced a  difficulty  in  our  beet  patches  thin  year  which  corresponds  in  most  imi)ortant 
particulars  to  the  ones  you  descril)e  in  your  letter.  In  fact,  it  is  w)  prevalent  in  our 
territory  that  it  is  hard  to  find  any  patches  that  are  not  more  or  less  affected. 

The  principal  difference  between  the  trouble  as  it  has  appeared  with  us  and  your 
description  seems  to  be  that  we  do  not  find  the  roots  affected  by  any  apparent  disease. 
The  whole  exhibition  of  abnormal  appearance  seems,  so  far  as  we  are  able  to  judge, 
to  be  in  top  or  leaves. 

I  send  you  by  this  mail  a  nui.il«er  of  the  leaves  as  they  appear  at  different  stages 
during  the  prf>gres8  of  the  difficulty.  It  appeared  first  about  the  last  of  July  or  first 
of  August  and  on  the  patches  that  were  growing  on  the  lowest  ground,  and  has 
gradually  increased  until,  as  I  said  before,  there  are  very  few  of  our  patches  that  are 
not  more  or  less  affected. 

We  were  at  first  inclined  to  think  that  it  was  caused  by  very  heavy  rains,  followed 
by  very  hot  sunshine  before  the  patch  had  any  time  to  dry  oil,  and  it  is  still 
undoubtedly  true  that  the  low  i>atches  that  were  subject  to  these  conditions  are  the 
ones  that  were  affected  the  worst. 
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The  difficulty,  however,  variee  from  your  description  in  the  fact  ♦^hat  there 
to  l)e  practician y  no  rotting  at  the  root.  Beets  that  have  V)een  aftect^d  with  thi> 
difficulty  for  two  months,  when  pulled  from  the  ground  and  the  tops  trut  off  are 
apparently  as  healthy  and  good-looking  beets  as  we  had  last  ye«i.r.  They  sn, 
however,  abnormally  low  in  polarization,  showing  a  sugar  percentage  in  the  juice  of 
between  11  and  12;  the  factor  is  apparently  very  high,  showing  in  two  series  of  teet^ 
within  the  last  two  days  of  94  and  95  and  96  and  97,  respectively. 

When  the  difficulty  has  reached  its  ultimate  conclusion,  in  such  ccses,  where  there 
has  been  no  new  grow^th  of  leaves,  the  beet  when  pulled  up  looks  like  one  that  h« 
been  allowed  to  lie  two  or  three  weeks  and  become  very  much  dried  up.     There  fe 
in  quite  a  number  of  the  specimens  which  we  have  tested  recently  a  lai^  amount  of 
invert  sugar,  amounting  in  some  cases  to  nearly  4  per  cent.     We  are  unable  to  ^y 
that  this  difficulty  has  appeared  with  more  frequency  on  fields  where  beets  were 
grown  last  year,  having  appeared  first  on  a  field  where  there  were  no  beets  last  year, 
but  where  the  ground  was  very  low,  and  where  the  conditions  described  before  in 
this  letter  prevailed  to  a  large  extent.     In  another  instance,  where  we  have  ..  piece 
of  154  acres,  100  of  which  was  in  beeU<  last  year,  the  disease  appeared  first,  and  JBSt 
as  badly  on  the  new  part,  but  extended  at  once  and  very  rapidly  to  all  parts  of  the 
field.    This  latter  piece,  upon  which  it  is  impossible  to  find  a  single  beet  which  is  not 
affected,  does  not  show  the  slightest  appearance  of  any  abnormal  condition  of  the 
root,  but  they  only  test  about  9  per  cent  in  the  juice,  and  do  not  seem  to  have 
gained  anything  in  sugar  in  the  last  three  weeks.     They  have  gained  in  appeaianoe, 
the  tops  growing  larger  until  at  the  present  time  each  beet  has  probably  8  or  10 
green  leaves.     These  leaves  are  healthy,  but  are  small.     The  crown  of  the  beet  dur- 
ing the  progress  of  the  difficulty  becomes  very  much  elongated  until  in  some  instances 
the  crown  will  compose  nearly  one-half  of  the  beet.     We  have  supposed  that  this 
condition  was  caused  by  the  continuous  growth  of  new  leaves. 

You  will  of  coprse  notice  the  characteristic  spotted  appearance  which  showis  itself 
on  everv  one  of  the  beets  more  or  less  affected. 

In  a  general  way,  our  opinion  would  l)e  that  the  earUer  planted  pieces  are  affected 
the  worst.  This  coveiv  all  that  our  observation  has  enabled  us  to  learn.  If  there 
are  any  questions  aside  from  this  that  you  would  like  to  ask,  please  do  so  without 
hesitation,  as  we  should  be  very  glad  to  act  in  conjunction  with  you,  and  aW)  with 
the  various  exi)eriment  stations,  just  as  far  as  we  can. 
Yours,  very  truly, 

ThK    WOLVERINK   SUGAR    Co., 

H.  C.  Rockwell,  Secretary, 

Trouble  in  Nebraska. 

Standard  Beet  Sugar  Company, 

AmeSy  Nebr.y  September  26^  1900. 

Your  valued  favor  of  the  24th  instant  is  duly  received. 

We  have  had  a  good  deal  of  trouble  with  root  blight  in  our  beet  crop  this  season, 
it  l)eing  our  first  experience  with  the  disease,  and  there  are  naturally  a  good  many 
different  opinions  among  beet  growers  as  to  its  cause,  etc.  The  disease  in  our  fields 
was  fin?t  noticed  during  the  latter  part  of  July,  our  attention  being  attracted  by  the 
leaves  of  plants  that  were  apparently  healthy  falling  down  flat  on  the  ground,  and 
the  plant  afterwards  sending  out  little  curly  leaves.  On  pulling  beets  affected  in  this 
way  and  cutting  them  open  it  was  found  that  there  were  dark  rings  all  through  the 
root,  which  seemed  to  he  brittle  and  woody.  A  small  percentage  of  beets  was  affected 
in  this  way  at  the  time,  but  it  seemed  to  gradually  spread  throughout  the  early  part 
of  August,  and  leaf  spot  also  made  its  a])pearance  »n  a  great  many  of  the  fields  at  the 
same  time.     During  the  latter  part  of  August  a  good  many  fields  of  early-planted 
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beets  y^ere  quite  badly  affected  with  leaf'  spot,  and  at  this  time  we  had  a  period  of 
extremely  hot  damp  weather,  and  the  foliage  of  the  beets  on  fields  affected  as  above 
described  turned  black  and  died,  leaving  the  leaf  stems  standing.  In  most  of  the 
fields  affected  in  this  way  a  large  percentage  of  the  beets  put  out  new^  and  natural 
leaves,  while  a  small  percentage  of  the  balance  sent  up  the  curly  leaf,  indicating  the 
root  rot,  and  the  remainder  developed  the  crown  rot,  the  leaf  stems  turning  black 
and  rotting  down  to  the  beet,  which  in  turn  became  affected.  Our  loss  in  tonnage 
from  this  cause,  however,  is  not  heavy — in  fact,  we  hardly  think  our  total  loss  of 
tonnage  from  root  rot,  leaf  spot,  etc.,  will  be  as  high  as  10  per  cent. 

Sincse  the  1st  of  September  we  have  had  heavy  and  frequent  rains,  with  cooler 
weather,  and  the  crop  has  wonderfully  recuperated.  Plants  that  lost  their  foliage 
and  were  not  affected  with  the  root  rot  have  grown  new  tops  and  are  gradually 
coming:  up  in  sugar,  while  some  that  are  affected  have  sent  out  side  rootlets  that  are 
keeping  the  beet  alive,  though  the  point  of  the  tap  root  has  decayed,  but  the  sugar 
content  of  such  beets  is  in  every  case  low. 

The  consensus  of  opinion  here  seems  to  be  that  the  very  hot  damp  weather,  coming 
at  a  time  when  beets  had  been  suffering  for  moisture,  was  largely  responsible  for  the 
trouble.  Since  the  weather  has  turned  cooler  it  has  stopped  the  spread  of  both  leaf 
spot  and  root  rot,  which  we  consider  two  separate  diseases.  We  have  experimented 
largely  with  Bordeaux  mixture  to  prevent  the  spread  of  leaf  spot,  but  with  very  little 
apparent  success,  and  we  have  concluded  that  rotation  of  crops  is  the  best  kind  of  a 
preventive,  using  lime  as  a  fertilizer  wherever  practicable. 

While  leaf  spot,  according  to  the  best  authorities,  can  be  transmitted  to  a  crop  of 

.  the  same  family,  following  a  beet  crop  that  is  affected  with  it,  yet  we  have  concluded 

that  it  is  largely  caused  by  the  climatic  conditions,  as  we  have  had  fields  affected 

with  it  this  year  that  were  at  least  50  miles  from  any  point  where  sugar  beets  had 

been  grown  before. 

We  will  be  very  glad  to  cooperate  in  every  way  we  can  with  the  State  experiment 
station  in  any  investigations  they  may  wish  to  make. 

Yours,  very  truly,  Standard  Beet  Sugak  Co., 

Per  U.  SciLLEY. 


January  9,  1901. 
Referring  to  the  matter  of  diseases  of  beets,  I  am  satisfied  that  we  had  three  dis- 
tinct diseases  here  last  season,  which  I  would  class  as  follows: 

(1)  Crown  rot,  which  always  exists  to  a  limited  extent,  and  with  which  we  are  all 
familiar.  We  can  control  this  by  pulling  and  burning  or  destrojdng  any  beets  we 
find  affected,  thus  preventing  the  spread  of  the  disease. 

(2)  Leaf  blight,  called  by  botanists  ''Phyllosticta.'' 

(3)  Leaf  spot,  called  by  botanists  **  Cercospora." 

The  leaf  blight  and  leaf  spot  first  made  their  appearance  in  our  fields  during  the 
latter  part  of  July,  after  an  extended  dry  hot  period,  followed  by  moderately  heavy 
nuns. 

LEAF  BLIGHT. 

Our  attention  was  first  called  to  the  "  leaf  blight ''  by  the  leaves  wilting,  falling  flat 
on  the  ground  and  dying,  the  beet  afterwards  in  some  cases  sending  up  little  curly 
leaves,  which  we  found  indicated  an  unhealthy  condition  of  the  root.  On  cutting  such 
^ts  open  we  found  dark  circular  rings  all  through  them;  they  were  also  brittle  and 
contained  much  less  juice  than  those  that  were  not  affected.  In  some  cases  the 
leaves  came  out  in  their  natural  shape  again,  but  in  growing  the  new  leaves  the  crown 
^'^c&nie  elongated,  and  in  a  great  many  cases  hollow.    In  other  instances  the  crown 
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rot  developed,  causing  considerable  loas,  and  almost  every  iBeld  affected  failed  t? 
develop  a  satisfactory  sugar  content 

We  believe  that  the  disease  developed  on  account  of  the  growth  of  the  beet  heim 
seriously  checked  by  the  dry  hot  weather  before  referred  to,  causing  the  beets  to 
start  to  ripen  prematurely;  then  when  the  moisture  came  they  started  a  new  growtk 
The  weather  at  this  time  was  extremely  hot,  and  the  disease  developed  in  abooi 
three  days.  Its  rapid  development  was  doubtless  materially  aided  by  the  physical 
condition  of  the  soil,  which  owing  to  wet  weather  during  the  preparation  of  the  seed 
bed  was  in  a  great  many  cases  improperly  pulverized  and  packed. 

Another  reason  why  we  take  the  above  position  as  to  the  cause  of  the  disease  e 
that  late-planted  beets  that  had  not  reached  such  an  advanced  stage  of  gjowtfa  were 
not  affected  at  all,  though  in  a  great  many  instances  they  were  in  the  same  field  u 
those  that  were. 

LKAF  SPOT. 

Leaf  spot  is  a  fungous  disease  often  described  in  experiment  station  bulletins,  and 
appeared  in  our  fields  as  above  stated,  about  the  same  time  as  the  leaf  blight  It 
started  in  some  fields  where  beets  had  been  grown  the  previous  year  and  had  beea 
affected  with  the  same  disase.  This  first  appeared  in  little  brown  spots  on  the 
leaves,  which  quickly  spread,  killing  the  leaves,  and  causing  the  beet  to  devote  Ha 
whole  efforts  to  the  growth  of  new  leaves.  The  fresh  leaves  in  turn  became  affected, 
the  result  being  long,  hollow  crowns,  small  roots  and  a  poor  sugar  content  The  dis- 
ease after  first  making  its  appearance  spread  very  rapidly,  until  the  greater  part  of 
our  acreage  was  more  or  less  affected.  We  tried  to  prevent  its  spread  by  spiaying 
with  Bordeaux  mixture,  but  without  much  apparent  success. 

It  is  pretty  hard  to  estimate  the  damage  to  the  crop,  but  in  a  rough  way  I  shoaki 
say  that  we  suffered  a  loss  of  15  per  cent  in  tonnage  and  3}  per  cent  in  sugar  content 

We  attribute  the  cause  of  leaf  spot  largely  to  the  fact  that  beets  were  planted  a 
second  time  on  the  same  land,  the  first  crop  having  been  affected  with  the  leaf  spot 
and  the  germs  or  spores  having  lived  over  in  the  ground.  We  also  think  the  cli- 
matic conditions  were  very  favorable  to  its  development.  In  some  cases  we  thought 
it  might  be  introduced  in  the  seed,  as  it  made  its  appearance  in  isolated  districCe 
where  a  beet  crop  had  not  been  grown  before. 

Yours,  very  truly,  Standard  Beet  Sugar  Co., 

Per  H.  SciLLEY,  AgricuUuriML 


American  Beet  Sugar  Company, 

Grand  Idand,  Xehr. ,  January  i^,  1901, 

Dear  Sir:  Your  favors  of  September  24  and  December  24  were  duly  received.  In 
relation  to  the  question  as  to  root  blight,  will  say  that  it  appeared  during  the  latter 
part  of  July  and  early  in  August,  when  the  weather  was  very  hot  and  dry.  The 
leaves  would  wilt  and  in  a  few  days  entirely  dry  up.  Sometimes  the  root  would  rot, 
followed  by  the  leaves  falling  off.  In  other  cases  the  root  would  dry  up  and  get 
woody,  with  the  dark  circles  running  all  through  it  New  leaves,  curled  inwvd, 
would  put  out  from  the  crown  but  eventually  die  off.  Very  little  of  this  sickness 
appeared  in  the  late  plantings.  In  all  cases  except  where  there  was  a  good  doee 
stand  it  spread  very  fast.    It  destroyed  about  20  per  cent  of  our  crop. 

So  many  different  opinions  have  been  given  by  European  professors  and  directorB 
of  agricultural  experiment  stations  in  this  country  that  no  specific  decision  as  to 
cause  has  been  arrived  at.  Beets  grown  from  seed  that  had  been  treated  with  blue 
stone  solution  were  affected  the  same  as  those  from  seed  not  so  treated.  I  am  of  the 
opinion  that  climatic  conditions,  soil,  and  cultivation  have  a  good  deal  to  do  with 
keeping  it  down.     I  would  say  that  in  this  State  where  we  had  irrigated  fields  with 
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&  regular  supply  of  water,  or  where  Rubirrigation  was  obtainable,  there  were  very 
few^  roots  affected  thereby.  In  Anton  Stiff t*8  book,  **  Die*  Krankheiten  der  Zucher- 
rul>e,"  Professor  Sorauer  is  emphatic  in  stating  that  the  best  preventive  in  his 
opmion  is  thorough  irrigation,  and  this  we  proved  to  be  the  case  in  Nebraska  last 
year. 

Very  truly,  Henry  S.  Febrab,  Manager. 

Blight  op  Beets  in  New  York. 

BiNOHAMTON   BeEP  SuGAK  CoMPANY, 

Binghamtonj  X.  K,  September  i^y  1900. 
Dear  Sir:  Your  letter  to  the  Binghamton  Beet  Sugar  Company  was  laid  before 
me.  I  take  pleasure  in  sending  what  information  I  can  regarding  the  disease  you 
write  of.  The  following  is  an  extract  translated  from  Dr.  R.  Buerstenbinder's  Zuck- 
errube  (sugar  beet).  He  is  a  well-known  German  authority  on  the  sugar  beet.  On 
page  235-236,  edition  of  1896,  he  says: 

The  beet  rot  is  caused  by  a  fungus  called  RhizocUmia  violacea.  The  diseased  beets 
have  a  withered  appearance,  though  at  times  the  leaves  are  healthy  while  the  roots 
are  affected,  also  vice  versa.  When  the  leaves  are  affected,  they  die  off  and  become 
a  brownish-black  color.  When  the  root  is  affected,  you  will  notice  on  the  ends  of  the 
smaller  roots  smooth  brown  or  violet  spots,  which  gradually  spread  over  the  whole 
beet.  As  the  spots  spread  the  beet  rots.  The  spots  are  called  forth  by  the  uniting 
of  long  twisted  violet-colored  fungous  threads  and  the  outside  skin  of  the  beet,  some 
of  the  threads  forcing  themselves  into  the  beet  and  causing  the  same  to  rot.  This 
disease  is  especially  found  where  the  soil  is  damp  and  undrained  or  when  stable 
manure  has  been  used  for  spring  fertilizing. 

Very  recently  a  peculiar  disease  has  threatened  the  crop,  which  is  called  by  Pro- 
feasor  Xuhn  '*  cell  rot."  This  disease  seems  to  belike  the  potato  sickness.  The 
meat  of  the  beet  becomes  spotted,  black,  and  rotten.  Fungous  mycelium  causes  this, 
and  destroys  the  cells  of  the  beet. 

In  the  last  few  years  a  kind  of  beet  rot  appeared  in  Germany  called  the  dry  rot. 
It  was  noticed  that  on  the  application  of  lime  to  the  fields  the  fungus  also  appeared, 
but  on  the  use  of  the  lime  cake  it  seemed  to  stay  away.     By  using  the  lime  cake  a 
greater  amount  of  lime  was  brought  on  the  fields. 
Very  respectfully, 

A.  W.  HOPPENSTEDT, 

Head  Chemist  of  the  Binghamton  Beet  Sugar  Company. 


October  3,  1900. 

Your  letter  inquiring  about  a  root  blight  on  sugar  beets  received.  This  has  not 
been  at  all  serious  with  us  as  yet.  My  attention  has  been  called  to  a  few  pieces 
where  in  spots  there  has  been  a  rot  or  blight,  but  it  has  not  been  serious  enough  to 
affect  the  crop  much.  Two  years  ago,  when  we  had  a  very  dry  July  and  a  very  wet 
August,  we  had  some  instances  of  rot,  but  these  were  not  serious  enough  to  do  any 
great  harm.  •  The  past  season  has  been  exceedingly  dry,  and  I  have  heard  of  no 
instances  of  rot  in  any  of  the  fields.  We  are  just  commencing  to  harvest,  and  from 
present  indications  the  yield  will  be  very  satisfactory,  considering  the  season. 

We  are  in  close  touch  with  Cornell  University,  and  they  will  do  everything  in 
their  power  to  ferret  out  any  trouble  of  this  kind.  I  have  visited  several  fields  with 
their  representative,  and  in  some  instances  the  Bordeaux  mixture  has  been  applied 
to  see  what  effect  it  would  have  where  the  rot  has  made  its  appearance.  I  hope  we 
i^fty  be  spared  any  pest  of  this  kind  for  some  years  to  come.  If  we  find  any  of  it  in 
oar  harvest  would  be  glad  to  report  to  you  any  information  we  may  be  able  to 
gather  concerning  it 

Very  truly,  yours,  Binghamton  Beet  Sugar  Company, 

J.  £.  BoGEBS,  President^ 
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No  Blight  in  Washington. 

Washington  State  Sugar  Comranv, 

Waverlyf  Waah.^  Jamtary  5,  J 901. 
I  have  not  yet  completed  the  organization  of  this  company,  and  can  not  eive  tg& 
as  full  information  as  you  ask  for.  I  do  not  know  anything  about  the  diqeasee  th^ 
have  affected  the  beet  root  in  different  parts  of  the  country.  W^e  have  had  nothing 
like  root  blight,  root  rot,  or  anything  of  that  sort.  Last  summer  was  exceedinglj 
dr\',  and  we  noticed  on  the  small  roots  on  a  few  of  the  beets  something  like  white 
mold,  but  it  did  not  affect  them  to  any  considerable  extent,  and  I  think  it  was  owin^ 
to  the  extreme  drought. 

If  anything  of  the  sort,  appears  in  the  future,  I  shall  be  glad  to  give  you  all  the 
information  I  can  respecting  same. 

Yours,  truly,  D.  C.  Corbin. 

Serious  Damage  in  New  Mexicx). 

The  Pecos  Valley  Bicirr  Sugar  Company, 

Carlsbad,  N.  Mex.,  October  8,  1900. 

Beplying  to  yours  of  the  24th,  I  send  you  herewith  copy  of  a  letter  I  recently  wnjte 
to  Mr.  B.  M.  Allen,  of  Nebraska,  touching  upon  the  subject  mentioned  in  your  letter. 
I  also  beg  to  advise  that  this  year  we  planted  a  few  acres  in  beets  for  experimeDtal 
purposes,  and  part  of  it  is  affected  with  root  rot,  and  also  with  leaf  blight*  I  have 
sent  a  number  of  samples  of  our  diseased  beets  to  Newton  B.  Pierce,  pathologist, 
Santa  Ana,  Cal.,  and  have  asked  him  to  send  me  his  report  on  the  same. 

I  am  not  sure  just  what  causes  this  root  rot  or  blight  in  our  country,  because  we 
find  it  on  nearly  every  kind  of  soil  we  have  here,  and  even  where  alfalfa  has  been 
plowed  under,  nor  do  I  see  any  way  to  avoid  it  We  have  treated  the  root  rot  by 
excessive  irrigation,  by  very  slight  irrigation,  by  deep  and  shallow  cultivation,  bet 
the  rot  seems  to  l)e  about  the  same  on  all  lands,  no  matter  how^  treated.  I  can  ny 
this,  however,  that  beets  planted  late,  say  in  June,  are  not  affected  to  any  consider- 
able extent,  and  not  nearly  so  much  as  those  planted  early  in  the  spring — in  March, 
April,  and  early  May. 

Yours,  very  truly,  A.  S.  Goetz,  General  Manager. 


January  17,  1901. 
As  you  are  no  doubt  aware,  we  raised  only  about  12  acres  of  beets  the  past  season, 
and  these  were  grown  for  experimental  purposes.  Even  on  the  12  acres  we  had  the 
same  trouble  that  we  had  the  previous  years.  We  term  the  disease  the  black  root 
rot,  and  not  the  ''root  blight,"  as  so  many  seem  inclined  to  call  it.  Our  beets  are 
put  into  the  ground,  germinate  perfectly,  and  grow  well  until  they  are  about  two  or 
three  months  old,  then  the  black  root  rot  affects  them,  commencing  on  the  tips  of 
the  roots  and  gradually  working  around  the  beet  until  almost  the  entire  beet  is 
affected.  The  leaf  growth  dies  down  and  almost  wilts  completely.  In  many  cases  the 
top  portion  of  the  beet  lives  and  throws  out  new  leaf  growth  in  the  isA\  of  the  year, 
and,  while  this  top  portion  has  a  satisfactory  percentage  of  sugar  and  a  goo<l  purity, 
the  rot  so  diminishes  the  tonnage  that  in  many  damaged  fields  it  will  not  pay  to 
har\'est  them.  We  have  tried  all  methods  of  cultivation  and  irrigation  without  any 
effect,  and  are  at  a  loss  to  state  the  absolute  reason  for  this  disease.  It  may  be  that 
our  soil  is  lacking  in  nitrogen  and  is  very  strong  in  mineral  substaAce.  How^ever, 
on  all  alfalfa  lands  and  on  lands  that  have  been  heavily  manured  by  sheep,  both  of 
which  put  considerable  nitrogen  in  the  soil,  we  have  had  the  same  conditions.  .  .  . 
We  did  not  run  this  past  season,  so  can  not  fill  out  your  blank. 
Yours,  very  truly, 

Pecos  Valley  Bekf  Sugar  Company. 
Per  Christian. 
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Report  PBOsf  an  Ohio  Factory. 

The  Continental  Suqar  Company, 

Fremont,  Ohio,  October^,  1900. 
Your  inquiry  regarding  root  blight  at  this  point  has  been  received,  and  at  the  same 
time  I  received  a  request  on  the  same  subject  from  the  director  of  the  experiment 
station  at  Wooster,  Ohio.  I  inclose  you  herewith  my  observations  on  the  trouble 
which  we  had  here  this  season  with  leaf  blight,  but  as  far  as  the  root  trouble  you 
speak  of  is  concerned,  we  have  had  none  of  it  here  this  season  which  has  come  under 
my  observation.  Occasionally  we  have  found  rotted  beets,  but  no  more  so  than  is 
customary  under  ordinary  circumstances,  and  there  has  been  no  distinctive  or  wide- 
spread disease  of  the  character  you  mention. 

My  opinion  is  that  every  farmer  should  thoroughly  and  carefully  spray  his  beets 
from  two  to  four  times  in  the  season,  and  I  think  that  by  doing  this  he  would  save 
himself  much  trouble  and  loss  from  insects  and  diseases.  My  idea  would  be  to  spray 
the  crop  as  soon  as  the  leaves  begin  to  appear  with  Bordeaux  mixture  and  some 
arsenical  poison.  The  strength,  of  course,  would  have  to  be  regulated  to  the  require- 
ments of  the  young  and  tender  plant.  This  preliminary  spraying  would,  I  think,  be 
of  assistance  at  that  time,  and  I  would  then  suggest  spraying  again  soon  after  the 
beets  were  thinned  and  also  twice  during  the  month  of  July. 

This  matter  of  spraying  need  not  excite  the  farmer  nor  cause  him  apprehension  as 
to  the  matter  of  expense,  as  it  can  be  very  easily,  rapidly,  and  cheaply  done,  and  it 
is  my  belief  that  it  would  materially  decrease  injury  from  disease  and  insects. 

Referring  to  the  request  for  observations  at  this  point  touching  sugar  beets  grown 
here  and  afflicted  with  what  has  been  called  the  root  blight,  the  writer  would  state 
that  during  the  early  part  of  the  season,  when  the  roots  were  still  threadlike,  there 
was  prevalent  in  some  fields  a  blackening  of  the  outer  covering  of  the  root.  The 
main  artery  of  the  beet  retained  a  white  silverlike  appearance  after  the  black  outer 
part  had  been  scraped  off,  and  it  was  not  long  before  the  root  shed  this  black  outer 
skin  and  went  vigorously  ahead  with  its  normal  growth.  I  have  noted  this  same 
condition  in  Colorado  and  Utah,  and  do  not  consider  it  at  all  serious,  for,  as  far  as 
my  observations  have  extended,  the  beets  always  do  well  after  the  shedding  of  the 
outer  skin. 

As  the  season  advanced  here  we  noted  about  the  latter  part  of  July  that  in  some 
cases  an  inch  or  two  of  the  end  of  the  taproot  became  very  dark,  tough,  and  woody. 
We  found  this  condition  to  exist  in  a  good  many  beets  which  we  pulled  out  at  that 
time,  but  since  then  we  have  seen  nothing  further  of  it,  and  out  of  over  1,000  sam- 
•  pies  which  we  have  taken  during  the  last  thirty  days  we  have  not  found  one-half  of 
1  per  cent  affected  in  this  way.  As  far  as  the  so-called  root  blight  which  destroys 
the  entire  beet  is  concerned,  we  can  say  without  hesitation  that  we  have  not  been 
affected  with  it  in  this  locality  this  season;  but  there  appeared  about  the  latter  part 
of  July  and  the  early  part  of  August,  immediately  following  heavy  rains  succeeded 
by  extremely  hot  moist  days,  a  leaf  disease  which,  for  want  of  a  better  name,  we 
have  called  leaf  blight. 

This  disease  first  appeared  as  brown  spots  on  the  large  and  older  leaves.  Gradu- 
ally after  these  spots  had  appeared  other  spots  seemed  to  come  on  the  outer  e<lges 
of  the  same  leaves,  and  the  edges  began  to  curl  and  turn  brown,  until  finally  the 
whole  leaf  in  many  cases  became  brown  and  dried,  having  the  appearance  of  dried 
tobacco,  and,  on  picking  one  of  these  leaves  and  rubbing  it  in  the  hand,  it  would 
crumble  and  break  down  into  a  dust  very  rapidly. 

This  trouble  appeared  in  nearly  every  field  to  a  greater  or  less  extent.  Where 
it  was  the  worst,  the  outer  leaves  of  the  plant,  which  had  been  large  and  vigorous, 
diaappeared  entirely.  In  one  case  especially,  where,  from  the  luxuriant  growth  of 
the  foliage,  it  had  been  almost  impossible  by  a  casual  glance  to  distinguish  the  rows» 
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the  appearance  of  the  field  changed  within  a  period  of  two  weeks  so  that  no  moiir 
foliage  was  apparent  than  could  have  been  seen  in  the  latter  part  of  June.  Tbe  db> 
ease  did  not  appear  to  attack  the  younger  leaves  in  the  center.  These  seemed  to 
continue  their  growth,  new  ones  being  put  out  from  the  center  of  the  plant  again, 
and  by  the  Utter  part  of  September  this  same  field  had  nearly  recovered  the  appear^ 
ance  which  it  had  before  being  attacked  by  the  disease. 

The  disease  appeared  to  run  its  course  in  from  four  to  six  weeks,  beginnii^  about 
the  20th  to  25th  of  July  and  ending  the  latter  part  of  August  and  first  of  Se|>tember. 

In  a  few  exceptional  cases  the  disease  entirely  destroyed  the  leaves,  and,  where 
this  occured,  rotting  and  decay  of  the  beet  set  in,  and  total  destruction  of  the  root 
ensued,  but  the  disease  progressed  from  the  crown  downward  and  not  from  the  tap- 
root upward.  Careful  examination  and  experiments  went  to  show  that  this  disease 
of  the  leaves  at  the  time  caused  a  decided  lowering  in  the  sugar  content  and  a  lai^e 
decrease  in  the  purity,  but  since  the  Ist  of  September  the  increase  in  both  sugar  an^ 
purity  has  been  very  satisfactory;  and  to-day  fields  that  were  badly  afiferted  by  thii 
leaf  blight  seem  to  average  as  well  in  sugar  and  purity  as  those  in  which  the  diseue 
only  appeared  to  a  very  slight  extent.  An  especially  notable  thing  in  regard  to  the 
leaf  blight  was  that  it  attacked  the  older  and  coarser  leaves,  and  left  the  yuuiig  aad 
tender  leaves  in  the  center  of  the  beet  practically  untouched.  Nor  did  it  appear  to 
attack,  to  any  appreciable  extent,  very  late-planted  beets. 

After  the  disease  was  discovered  and  it  was  noted  that  it  was  doing  consatleTmble 
harm,  it  was  too  late,  and  for  other  reasons  it  was  impracticable,  to  make  any 
thorough  experiments  with  regard  to  a  remedy.  The  Ohio  State  entomologist  \'i9ted 
us,  examined  the  fields  carefully,  and  gave  a£  his  opinion  at  the  time  that  it  was  a 
fungous  growth  which  had  made  good  progress  under  bivoreble  weather  conditioiB 
of  mucli  moisture  followed  by  hot  and  sultry  weather. 

The  writer  has,  within  the  last  few  days,  seen  in  a  German  publication  a  colored 
plate  showing  this  exact  condition  of  the  leaf,  but  has  not  had  time  as  yet  to  tians- 
late  the  text  and  learn  what  they  have  to  say  regarding  it 

Respectfully, 

Continental-  Sugak  Co., 
Per  C.  E.  Mitchell. 

Repobt  from  American  Beet-sdgar  Company. 

Ofpice  of  American  Beet-sugar  Company, 

Neiv  Yorky  N,  K,  March  JO,  1901, 

At  Grand  Island,  Nebr.,  the  disease  appeared  the  latter  part  of  July  and  early  in 
August.    The  tonnage  of  beets  was  reduced  from  1  to  2  tons  per  acre. 

The  leaves  would  wilt  and  in  a  few  days  entirely  dry  up.  Sometimes  the  root 
would  rot,  followed  by  the  leaves  falling  off.  Other  times  the  root  would  dry  up 
and  get  woody,  with  the  dark  circles  running  all  through  it.  New  leaves,  curled 
inward,  would  put  out  from  the  cro^Ti,  but  eventually  nearly  all  would  die  off. 
Very  little  of  the  sickness  appeared  in  the  late  planting.  In  all  cases,  except  wbeiv 
there  was  a  good  close  stand,  it  spread  very  fast. 

So  many  different  opinions  have  been  given  by  European  professors  and  diredon 
of  agricultural  stations  in  this  country,  that  so  far  no  specific  decision  as  to  the  ruse 
has  been  arrived  at,  so  far  as  I  know.  Beets  grown  from  seed  that  had  been  treated 
with  bluestone  solution  were  afiected  the  same  as  seed  not  so  treated.  I  am  of  tbe 
opinion  that  climatic  conditions,  soil,  a  good  stand,  and  cultivation  have  a  good  deil 
to  do  with  keeping  it  down.  I  would  say  that  in  this  State,  where  we  had  irrigated 
fields  with  a  regular  supply  pf  water,  or  where  subirrigation  was  obtainable,  there 
were  very  few  affetrted  roots.  In  Anton  Stift's  book,  *'  Die  Krankheiten  der  Zuck- 
erriibe,"  Professor  Sarauer  is  emphatic  in  stating  that  the  beet  preventive,  in  hi» 
opinion,  is  through  irrigation,  and  from  personal  experience  I  have  proven  this  to 
be  the  case  in  Nebraska  last  season. 
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At  Norfolk,  Nebr.,  the  disease  appeared  the  latter  part  of  July.  The  season  had 
been  dry,  and  when  it  did  finally  rain  it  was  immediately  followed  by  very  hot 
weather.  The  previous  winter  had  been  dry,  so  the  ground  was  not  in  good  condi- 
tion in  the  spring.  It  was  first  noticed  by  the  leaves  being  affected.  However, 
^v^lien  beets  were  pulled  the  dark  rings  could  also  be  seen  in  the  root.  Some  of  the 
l>eeta  were  affected  to  such  an  extent  that  they  rotted  in  the  ground.  All  fields  were 
affected  more  or  less,  and  all  beets  in  the  field  lost  their  leaves,  part  of  them  recov- 
ering to  a  certain  extent. 

A  few  fields  were  damaged  to  the  extent  of  50  to  fiO  per  cent.     In  general  our  ton- 
nage was  reduced  from  1  to  2  tons  per  acre. 

In  my  opinion  the  trouble  was  caused  by  imfavorable  soil  and  climatic  conditions. 
At  our  factor}'  at  Chino,  Cal.,  the  season  of  1899  was  very  dry.  The  disease 
appeared  about  six  weeks  or  two  months  after  planting,  and  progressed  rather  fast 
on  those  affected.  The  beet  stopped  growing  and  sent  forth  many  side  roots  or  fibers; 
in£nde  of  the  root  was  woody,  and  the  cells  turned  black.  On  account  of  great 
drought  it  in  impossible  to  tell  what  proportion  of  the  loss  was  due  to  blight  and  what 
to  climatic  conditions. 

At  Oxnard,  Cal.,  the  disease  appeared  at  an  early  age  of  the  plant — shortly  after 
thinning.  The  climate  was  generally  dry.  The  beets  were  grown  principally  on 
land  that  had  become  strongly  alkaline  by  evaporation,  owing  to  lack  of  rain  during 
the  last  three  years.  The  leaves  curled  up,  turned  yellow,  a  gummy  substance 
running  from  the  stems  owing  to  the  breaking  down  or  disintegration  of  the  cell 
fiber.  The  root  stopped  growing,  making  only  thick,  heavy  side  roots.  Upon  cut- 
ting the  root,  the  meat  immediately  turned  black. 

As  the  blight  appeared  only  on  strongly  alkaline  lands,  the  damage  was  hardly 
appreciable  if  the  w^hole  crop  be  considered. 

The  cause  appeared  to  be  unfavorable  climatic  and  soil  conditions.     Where  the  soil 
was  favorable  and  sufficient  moisture  available,  no  blight  appeared. 

At  our  factory  at  Rocky  ford,  Colo.,  a  so-called  blight  appeared  sporadically,  but  it 
is  doubtful  if  it  was -really  blight.     The  damage  suffered  was  very  slight. 
Respectfully  yours, 

Jambs  G.  Hamilton, 
Secretary  Aynerican  Beet  Sugar  Company. 

Reports  of  Directors  of  State  Experiment  Stations. 

In  my  annual  reports  1  have  always  included  the  results  of  the 
experiment8  with  sugar  beets  in  the  various  SttRies  as  reported  by  the 
directors  of  the  experiment  stations.  This  work  is  largely  under 
the  supervision  of  the  directors,  and  I  have  felt  that  a  report  on  the 
progress  of  the  sugar  industry  would  be  incomplete  without  the  results 
and  observations  of  the  experiment  stations. 

Up  to  the  time  of  submitting  this  report  several  of  the  States  that 
have  been  most  active  in  prosecuting  the  investigation  have  failed  to 
make  response  to  my  letter  asking  for  these  data.  Those  States  not 
included  in  the  list  of  reports  are  not  represented  for  this  reason. 
Letters  have  been  received  from  some  of  them  stating  that  data  of 
results  are  being  compiled  and  will  be  furnished  as  soon  as  completed, 
but  inasmuch  as  this  report  must  be  published  before  the  close  of  the 
fiscal  year,  June  30,  1901,  reports  from  such  States  will  have  to  be 
omitted  unless  received  some  time  before  that  date. 
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The  following  are  replies  to  letters  of  inquir}'  sent  out  by 
calling  for  this  infoiiuation: 


ARIZONA. 


Report  of  R.  H.  Forbsb,  M.  S.,  Director  and  Chemist  of  Experiment  Station, 

Ariz.,  January  11,  1901. 

Replying  to  yours  of  January  7, 1  am  sending  you  our  eleventh  annoal  report,  just 
issued,  which  contains  a  digest  of  our  results  with  sugar  beets  for  last  ye^r.  These 
results  are  stated  in  two  different  places,  pages  164  and  185. 

In  interpreting  these  results  I  will  call  your  attention  to  Professor  McClatchie'i 
usage  in  relation  to  "available  sugar  per  acre.'*  He  does  not  state  total  soigar  per 
acre  contained  in  the  beets,  but  deducts  from  total  sugar  per  acre,  as  found  by  mul- 
tiplying tonnage  into  percentage  of  sugar  in  beets,  the  weight  of  soluble  solids  not 
sugar  contained  therein.  On  page  185,  in  order  to  introduce  a  means  of  coniparisao 
between  my  results  and  his,  I  have  calculated  "available  sugar  per  acre"  by  he 
plan  in  the  last  column.  According  to  your  desire,  therefore,  you  can  uee  one  state- 
ment or  the  other,  based  upon  the  data  of  the  report 

Sugar  beets  were  planted  to  a  limited  extent  in  Arizona  last  year,  chiefly  by  the 
station,  but  also  by  a  few  farmers  on  the  Upper  Gila,  who  found  them  valuable  « 
stock  food.    The  season  was  exceedingly  dry  and  the  beets  suffered  in  conaequ^ice. 

There  is  no  factory  agitation  here  and  no  prospect  of  any  factories  being  constmcted. 

The  following  statement  prepared  by  Professor  Forbes  is  taken  from  the  report 
referred  to  above: 

Climatic  conditions  having  seemed  favorable  to  beet  culture  on  the  Upper  Gila, 
the  station  undertook  to  extend  its  work  in  this  line  to  this  district  In  order  that 
the  experiment  might  be  as  conclusive  as  possible,  Mr.  C.  G.  Amey,  trained  to  this 
work  on  the  experimental  farm,  was  put  m  chai^^  of  the  plots.  The  eronnd  and 
part  of  the  labor  was  furnished  bjr  various  public-spirited  citizens  of  Safford,  Thatcher, 
and  Pima.  Various  types  of  soil  were  chosen,  and  plantings  were  made  from  Feb- 
ruary 23  until  late  summer.  The  seven  main  plots  were  of  sufficient  size  to  a£foid 
acreage  testis  from  time  to  time,  some  of  the  results  being  stated  below.  The  work 
suffeml  in  several  instances  from  the  unusual  scarcity  of  irrigating  water  this  year, 
and  the  yields  may  be  considered  less  than  the  average  promibility  for  this  region. 

Of  these  plots  Nos.  3  and  8  were  the  only  ones  which  did  not  siiner  seriously  for 
lack  of  water,  and  the  total  sugar  per  acre  contained  (2,267  and  3,361  pounds,  respec- 
tively) is  a  fair  result,  taken  in  connecttion  with  the  percentap^es  of  sugar  (15.9  and 
13.7)  and  the  purities  (84.5  and  83).  Owing  to  the  adversity  of  the  season,  it  is 
thought  that  better  results  may  be  secured  by  a  continuance  of  the  work  for  the 
ensuing  year. 

Results  on  Upper  Gila  heel  plots,  planted  February  28  to  March  19,  1900. 


Number,  name,  and  loca- 
tion of  plot. 


Kind  of  soil. 


1.  Morris,  Layton Sandy  loam  . , 

2.  Brinkerhoff,  Thatcher.  I  Adobe 

3.  Hubbard,  Pima i  Heavy  adobe 

4.  Hoopes,  Thatcher j  Sandy 

5.  Zundle,  Thatcher ! do 

7.  Mrs.  Layton.  Thatcher,  i do 

8.  Marahall,  Pima |  Silty  loam . . . 


Results,  July  2-^,  1900. 


Results,  Aug.  3-lS,  1900L 


2 


ec 


P.  ct. 
9.9 
12.0 
12.2 
18.8 
14.8 
10.55 
11.0 


P.U, 
10.4 
18.6 
15.9 


13.0 
12.3 
13.7 


eg. 

O 


72.4 
81.6 
84.5 


U 
ki 


•  V 


*    I  *£ 

t  'Is 


9 


85.4 
79.5 
83.0 


TbiM. 
7.8 
7.88 
7.18 


6.74 


12.8 


Ite. 
1,S21 
2.006 
2,267 


1,491 


< 


Urn. 

m 

1.864 
1,882 


1.237 


3,861  I  2,€!9 


^The  "sugar  |>er  acre "  in  the  above  table  i»  total  sugar  per  acre  contained  in  the  beets. 
*  "Available  sugar  per  acre"  is  approximately  that  which  can  be  reoovered  in  the  prooesof 
manufacture. 
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l>7  A.  J.  McClatchie,  Agricnlturist  of  the  Station,  from  annual  report  of  the 

station  for  1900. 

£xperimentB  were  condncted  with  sugar  beets  this  year,  mainly  for  the  purpose  of 
Leetinff  methods  of  irrigation,  other  points  in  their  culture  having  been  pretty  well 
settled  by  previous  experiments.  A  sowing  was  made  September  12  in  a  gravelly 
loam,  and  irrigated  at  once,  as  is  necessary  at  this  time  of  year.  The  winter  being 
quite  mild  a  fur  growth  was  made.  Simij^les  taken  April  2  gave  the  following  results: 
Average  weight  of  beets  dug,  12  ounces;  yield  per  acre,  11.5  tons;  suear  in  beete,  14.7 
per  cent;  purity  coefficient,  83.3.  These  are  probably  as  good  results  as  could  ordi- 
narily be  expected  from  seed  sown  on  the  earnest  practicable  autumn  date. 

At  the  close  of  the  year  1899  bulletin  31  was  issued  giving  the  result  of  the  year's 
^w^ork.  The  averages  from  ten  plats  sown  during  January  and  February,  1899^  were 
as  follows:  Yield  per  acre,  9.75  tons;  per  cent  sugar  in  beets,  15;  purity  coefficient, 
77.7;  available  sugar  per  acre,  2,010  pounds.  The  most  important  of  the  conclusions 
from  the  work  of  the  year  was  that  winter-sown  beets  are  not  benefited,  and  may  be 
injured^  by  early  irri^tion,  provided  the  soil  has  been  thoroughly  irrigated  previous 
to  seeding.  The  indications  were  that  the  most  advantageous  time  to  b^n  irrigat- 
iniE  is  when  the  beets  are  two  to  three  months  old. 

A  plat  sown  December  26  and  first  irrigated  April  1  gave  the  following  results: 


Purity 
coeffi- 
cient. 


June  16 15.0  88.1 

Julyl 16.4  88.4 

July  11 16.4  86.0 

Julyao 16.9  84.4 

The  vield  upon  the  latter  date  was  14.5  tons  per  acre,  giving  an  approximate  yield 
of  available  sugar  per  acre  of  4,050  pounds,  the  highest  yield  yet  obtained  from  any 
ol  the  experimental  plats  during  the  past  four  years.  This  yield  of  sugar  per  acre 
evidently  remained  aoout  constant  durmg  all  of  June  and  July,  the  increase  in  the 
percentage  of  sugar  being  just  about  counterbalanced  by  a  decrease  in  the  puritv 
coefficient.  Only  a  tenth  of  an  inch  of  rain  fell  upon  the  plat  from  the  time  of  seed- 
ing until  the  first  irrigation,  over  three  months  later,  during  which  period  they  made 
an  excellent  growth.  This  result  was  accomplished  by  a  thorough  irrigation  of  the 
soil  previous  to  seeding. 

COLORADO. 

Keport  by  L.  G.  Carpbnter,  Director  of  State  Experiment  Station,  Fort  Collins, 

Colo.,  January  11,  1901. 

In  answer  to  your  inquiry  of  January  7,  regarding  sugar  beets  in  Ck>lorado  during 
the  past  year,  a  general  statement  regarding  the  conditions  of  the  State  during  the 
past  season  and  the  progress  of  the  sugar-beet  industry  ^11  probably  answer  your 
needs. 

Three  beet-sugar  factories  have  been  in  operation  during  the  past  season:  One  at 
Grand  Junction,  which  began  operations  the  year  before;  one  at  Rockyford,  and 
one  at  Sugar  City — the  last  two  being  in  the  Arkansas  Valley.  The  last  two  have 
had  a  most  excellent  run  this  season.  The  yield  of  beets  has  been  good  and  the 
sugar  content  high.  The  exact  acreage  I  am  unable  to  give,  but  it  has  been  in  the 
neighborhood  of  9,000  acres  for  these  last  two  factories.  The  month  of  April  in  the 
Arkansas  Valley  was  abnormally  wet,  there  being  a  rainfall  of  over  7  inches  as  com- 
pared with  the  previous  average  of  0.89  inches.  During  May  and  June  the  rainfall 
was  very  nearly  the  normal,  and  during  the  subsequent  months  it  was  below  the 
average.  This  gave  good  conditions  for  ripening  and  favored  a  large  content  of 
sugar.  The  average  sugar  content  at  Rockyford  was  nearly  17  per  cent,  some  beets 
ranning  as  high  as  26  per  cent  of  sugar.  The  price  was  based  on  a  sliding  scale,  so 
that  these  beets  brought  $7.67  per  ton. 

As  the  sugar  industry  seems  to  have  been  put  on  a  commercial  basis  the  station 
has  done  less  during  the  past  year  than  previously  in  experimental  work,  and  has 
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grown  very  few  on  the  station  grounds  this  year,  though  it  has  grown  aome  by 
cooperation  in  the  State. 

The  town  of  Loveland  is  likely  to  have  a  factory  put  np  this  season.  Contracte  kx 
beets  have  been  made  and  the  company  is  prepared  to  erect  the  factory.  Denver  k 
agitating  the  construction  of  one,  and  two  or  three  more  are  planned  in  the  ArkaiMW 
Valley.  Our  bulletins  42  and  51  give  iacta  regarding  tonnage  and  sugar  content  for 
two  years'  trials  in  the  State 

CALIFORNIA. 

Report  by  £.  W.  Hilqard,  Director  of  State  Experiment  Station,  Berkeley,  OiU 

January  10,  1901. 

In  reply  to  yours  of  January  7,  regarding  the  conditions  of  sugar-beet  cnlture  in 
this  State,  and  our  experiments,  I  would  state: 

The  crop  conditions  in  this  State  during  the  past  year  have  been  very  unfavoraNe 
to  the  sugar  beet,  on  account  of  the  exhaustion  of  the  moisture  in  the  lower  layers  of 
the  soil  mass;  and  in  consequence  of  this  the  quantity  was  small,  although  the  quality 
was  high.  The  extent  to  which  the  beet  was  planted  during  the  past  year  was  km 
than  usual,  because  of  the  discouraging  results  of  the  preceding  years.  The  landg 
naturally  moist  have  been  generally  planted,  while  the  higher  lands  have  been 
left  out. 

The  only  places  in  which  the  establishment  of  sugar  factories  have  been  mentioned 
in  the  past  year  have  been  Sacramento  and  Stockton,  but  no  definite  action  has  been 
taken.  Quite  lately  the  subject  has  been  broached  in  the  Ferris  Valley,  in  Riveiade 
County.  No  factories  will  be  built  during  the  coming  year.  The  factories  already  in 
existence  are  somewhat  anxious  in  regard  to  obtaining  a  proper  supply  of  beets  to 
keep  them  running.  They  are  inclined  to  put  in  beets  on  their  own  land  and  on 
their  own  account,  in  order  not  to  be  subjected  to  the  results  of  the  discouragement 
which  the  neighboring  fanners  are  laboring  under. 

Our  object  in  our  work  with  sugar  beets  during  the  season  of  1900  was  to  test  some 
special  seeds  sent  us  from  Europe,  but  the  results  were  wholly  abnormal  and  are  not 
worth  mentioning.  We  will  probably  make  similar  experiments  at  onr  sabetatioD 
during  the  coming  season,  but  do  not  think  it  necessary  to  test  the  production  of 
beets  in  various  localities  of  the  State  any  further,  as  the  ground  has  been  well  cov- 
ered by  experiments  made  under  the  initiative  of  the  factories. 

Our  experiments  indicate  an  average  production  of  from  10  to  12  tons  per  acre  in 
good  land;  as  much  as  18  tons  has  repeatedly  been  grown.  The  sugar  content  when 
the  beets  have  been  properly  handled  has  always  been  high,  as  is  indicated  by  the 
fact  that  the  factories  have  placed  their  normal  figure  at  15  per  cent.  In  California 
the  purity  is,  as  a  rule,  higher  than  elsewhere,  ranging  between  85  and  91.  As  to  the 
cost  of  production  and  net  profit  the  several  factories  can  give  the  best  information. 

The  last  three  years  have  been  so  abnormal  in  reference  to  agricultural  prodoction 
in  California  at  large  that  the  discouragement  in  regard  to  beet-sugar  prodaction  is 
not  likely  to  exert  any  permanent  influence  upon  its  pursuit  in  this  State.  In  the 
past  no  such  succession  of  dry  seasons  has  occurred  as  far  as  records  reach,  and  the 
natural  presumption  is  that  it  will  not  again  occur  soon  enough  to  influence  the  pres- 
ent generation  in  the  pursuit  of  the  beet-sugar  industry. 

IDAHO. 

Report  by  S.  Avery,  Chemist  of  State  Experiment  Station,  Moscow,  Idaho,  January 

14,  1901. 

In  accordance  with  your  request  of  the  12th  instant,  I  take  pleasure  in  handing 
you  herewith  a  report  of  the  work  in  sugar-beet  culture  for  the  past  year. 

The  crop  conditions  were  unfavorable  in  those  parts  of  Idaho  which  depend  on 
rainfall.    July  and  August  were  hot  and  dry. 
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Department  distributed  about  300  pounds  of  seed,  without  any  restriction  as  to 
ooality.  Two  franks  for  mailing  samples  were  sent  to  each  grower  in  the  foil,  but 
comparatively  few  samples  were  received  for  analysis. 

So  far  as  I  know,  Payette,  in  Canyon  County,  is  the  only  point  agitating  the  eetab- 
Lishiiii^  of  a  foctory. 

Xtie  experimental  work  of  the  station  during  1900  was  to  determine  if  a  profitable 
y^ielcl  (with  a  satisfactory  sugar  content  and  purity)  could  be  obtained,  so  that  we 
cx>ulcl  advise  farmers  to  grow  beets  for  the  factory  at  Waverly,  Wash.  The  field 
work  was  imder  the  charge  of  the  agriculturist,  Professor  French.  The  crop  was 
almost  a  foilure. 

TKe  experiments  on  the  campus  were  under  the  direction  of  the  horticulturist, 
Profeaeor  Huntley.  Certain  plats  were  on  ground  that  had  received  a  heavy  coating 
of  manure  three  years  ago;  part  were  in  a  soil  almost  devoid  of  humus.  In  the  latter 
case  the  results  were  similar  to  those  of  the  field  experiment.  The  plats  which  had 
previously  been  manured  gave  a  very  satisfactory  yield.  The  complete  data  has  not 
been  compiled,  but  w^ill  be  given  later  in  a  station  bulletin. 

My  experience  in  beet  culture  in  Idaho  is  confined  to  the  past  season,  but  from  a 
careful  study  of  the  records  of  this  station,  from  comparing  conditions  with  those  of 
other  sections,  and  from  a  comparison  of  notes  with  the  horticulturist  and  agricul- 
turist, I  offer  the  following  opinions  on  the  possibilities  of  beet  culture  in  Idaho:  (1) 
Beets  of  high  sugar  content  and  purity  can  be  raised  in  all  the  agricultural  sections; 
(2)  in  the  parts  of  the  State  depending  on  rainfall,  there  will  be  difficulty  in  securing  a 
satisfactory  yield  except  in  abnormally  wet  seasons,  especially  during  July;  (3)  the 
higher  irrigated  portions  of  the  State  may  have  to  contend  with  an  occasional  abnor- 
mally cold  season;  (4)  I  see  no  reason  why  the  lower  irrigated  parts,  such  as  Wash- 
ing^^n.  Canyon,  and  Ada  counties,  should  not  be  most  admirably  adapted  to  the  cul- 
ture of  the  sugar  beet,  and  I  trust  that  the  extensive  experiment  planned  for  Payette 
and  vicinity  may  be  successful  in  all  respects. 

A  number  of  farmers  raised  beets  in  Idaho  under  contract  with  the  Waverly  sugar 
hictory.  Mr.  Paul  Leuschel,  Moscow,  Idaho,  had  charge  of  the  contracts.  He  can 
doubtless  furnish  exact  figures.  Those  farmers  that  I  have  talked  w^ith  report  that 
they  received  pay  for  beets  of  about  16  per  cent  sugar  and  for  3  to  4  tons  per  acre. 

The  results  of  experiments  during  the  season,  except  yield  per  acre,  are  given  in 
the  following  table: 

Resulis  of  mffar-beet  experimenU  in  Idaho,  1900. 


No.  of 
exper- 
iment. 

Variety. 

Weight 
of  beetA. 

Sugar 

in 
beet. 

P.ct. 
15.5 
15.6 
16.9 
16.8 
15.8 
17.3 
16.3 

15.9 
15.9 
18.7 
15.6 
15.2 

13.3 
17.9 
16.3 
18.1 
14.1 
16.9 

Sugar 

in 
Juice. 

Purity 
coeffi- 
cient. 

Name  of  grower. 

Ix)oation. 

Remarkft. 

100 
101 

Klein*.. 

Oz. 
14.6 
29.0 
18.9 
16.3 
18.0 
13.3 
16.3 

26.2 
20.4 
10.9 
26.7 
25.0 

25.2 
26.5 
5.7 
11.6 
60.4 
20.5 

P.ct. 
16.3 
16.4 
17.8 
17.7 
16.7 
18.2 
17.2 

16.8 
16.8 
19.7 
16.4 
16.0 

14.0 
17.9 
17.2 
19.1 
14.9 
17.8 

84.0 
82.8 
88.2 
83.5 
84.4 
89.6 
87.7 

85.2 
87.9 
86.7 
85.8 
83.3 

79.5 
86.9 
88.6 
88.4 
80.9 
89.0 

W.A.Zumhof 

H.R.Runell 

Moscow 

do 

Average. 

102 
108 

Klein... 

J.  M.  Thompson 

J.G.  Jarron 

Rich 

Moscow  .... 

Wilfoid 

Moscow 

do 

104 

George  Davis 

W.A.Zumhof 

do....: 

106a 
1066 

Vilrn.*.. 
— do . . . 

Klein... 
— do .  - . 
— do... 
— do... 

Grown  on  high 

ground. 
Largest  in  crop. 

106c 

do 

do 

106 

H.T.Coats 

107 

D.J.Waite 

Teakean 

Russell 

Moscow 

do 

108 

R.  D.  James 

109a 

N.M.Hawley 

do 

One  red  beet  in 

\w> 

sample. 

110 

D.  Jarrett 

do 

111 

P.C.Olesen 

do 

112 

O.  O.  Hurt 

do 

Average. 
Very  large. 

113 

do 

do 

114 

J.H.  Tyler 

do 

•  Klein  wanxlebener. 


*  Vilmorin. 
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RetuUs  ofsuffor-beet  experimenls  in  Idaho,  1900 — Continued. 


No.  of 
exper- 
iment. 


115 

116 

117 
118 
119 
120 
121 
122 
123 

124 
125 
126 

127 
128 
129 
ISO 
131 
132 

133 
134 
185 
186 
187 
138 
139 
140 
141 


Variety. 


Klein. 

....do. 

....do. 

do. 

do. 

Vilm  . 

do. 

....do . 
. . .  .do . 

Klein. 

do. 

do . 

do. 

do. 

Vilm  . 

do . 

do . 

Klein. 

do. 

do . 

Vilm. 

do. 

— do . 

Klein. 
do. 


Weight 
of  beets. 


Oi. 
68.5 

16.2 

15.9 
5.7 
10.2 
19.7 
20.3 
5.5 
45.4 

19.6 
12.9 
73.2 

8.8 
81.1 
32.3 

4.5 
16.4 
14.7 

14.4 
3.6 
34.8 
11.7 
40.9 
33.5 
25.4 
19.9 
7.6 


Sugar 

in 
beet. 


P.ct. 
13.7 

18.1 

15.8 
16.8 
14.3 
14.1 
14.2 
15.3 
12.8 

13.6 
16.6 
13.9 

17.4 
14.3 
15.5 
16.7 
16.1 
15.5 

16.8 
17.2 
18.9 
14.9 
15.2 
16.1 
16.5 
14.7 
21.3 


I 


Sugar 

Purity 

in 

coeffi- 

Juice. 

cient 

P.cL 

14.5 

81.9 

19.1 

91.3 

16.7 

85.2 

17.7 

87.6 

15.1 

83.4 

14.9 

75.9 

15.0 

82.4 

16.1 

84.7 

13.0 

76.1 

14.3 

80.7 

17.5 

86.2 

14.7 

80.8 

18.3 

91.0 

15.1 

83.9 

16.3 

86.7 

16.6 

87.4 

17.0 

88.5 

16.4 

85.4 

17.7 

92.1 

18.1 

88.7 

14.7 

82.6 

15.7 

84.8 

16.1 

82.9 

17.1 

89.0 

17.4 

87.8 

15.5 

81.5 

22.5 

85.2 

Name  of  grower. 


Station 


.do 


....do 

do 

Miss  A.  Bowman 

Station 

do 

do 

do 


.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 
.do 


do 

do 

do 

do 

do 

do 

do 

C.J.Edwin... 
J.M.Qarriaon 


Location. 


Moscow 
do.. 


....do. 
....do. 
....do. 
Plat  38. 
....do. 

do. 

-...do. 


Plat  37. 
....do. 
....do. 


....do 
....do 
Plate. 

do 

do 

Platl. 


LAive  beet:  fer- 
tilued  pJaL 

Perfect  beetr. 
/ertilixedplaL 


Medium-fd&id. 
Do. 

LsLTgesi  in 

pie. 
Medluai-aixed 

Do- 
Langeat  in 

pie. 
Small. 


Small. 

Mediam-flised. 
in 


do 

do 

Plat  88 

do 

do 

Plat  87 

do 

Moscow 

Nezperce . . . 


pie. 
Medium -sixed. 
SmalL 
lAige. 


Somewbat 
located. 


MARYLAND. 

Report  by  H.  J.  Patter8on,  Director  State  Experiment  Station,  College  Park,  Md., 

January  14,  1901. 

In  answer  to  your  circular  letter  of  2d  instant,  would  say  that  all  the  information 
which  we  have  in  reference  to  sugar  beets  and  results  with  experiments  as  far  as 
compiled  are  given  in  Bulletin  No.  61  of  this  station,  a  copy  of  which  we  send  yoo 
by  this  mail. 

There  is  but  little  interest  at  this  time  among  our  farmers  as  to  sugar  beets;  in  fact, 
it  has  been  pretty  well  shown  that  there  are  no  large  areas  in  our  State  adapted 
to  the  growing  of  sugar  beets,  especially  not  enough  to  make  it  desirable  to  put 
up  a  factory. 

MINNESOTA. 

Report  by  W.  M.  Hays,  Agriculturist  of  State  Experiment  Station,  St.  Anthony 

Park,  Minn.,  January  29,  1901. 

Your  letter  of  January  4  to  the  director  of  this  station  is  in  my  hand  for  answer, 
as  our  director  has  gone  to  California  to  spend  the  winter. 

The  crop  conditions  of  the  season  of  1900  were  very  peculiar.  It  was  exceedingly 
dry  during  May  and  June,  and  wet  during  the  remainder  of  the  year.  I  believe  the 
factory  at  St.  Louis  Park  had  about  the  same  acreage  to  draw  upon  as  last  year, 
2,000  acres. 

I  do  not  know  of  any  active  organization  trying  to  establish  a  factory  in  Minnesota 
at  present.  As  you  know.  New  Ulm,  AU)ert  Lea,  Winona,  and  other  points  have 
**  had  their  latchstring  out."     I  presume  no  new  factory  will  be  built  in  1901. 
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In  A'ariety  tests  at  the  station  the  results  were  as  follows:  Tonnage  per  acre,  15  tons; 
yctet  of  production,  $33  per  acre;  sugar  content,  14  per  cent;  coefficient  of  purity,  83. 

MISSOURI. 

RepK>Tt  by  H.  J.  Watebs,  Director  of  State  Experiment  Station,  Columbia,  Mo., 

January  11,  1901. 

Replying  to  your  circular  of  the  2d,  will  say  that  the  results  of  all  of  the  tests  made 
l3y  the  experiment  station  and  the  United  States  Department  of  Agriculture,  extend- 
ing^ over  a  number  of  seasons  and  embracing  all  sections  of  the  State,  indicate  that 
Miaeouri  is  not  well  adapted  to  the  production  of  sugar  beets  containing  a  high  content 
of  su^r  and  with  a  high  degree  of  purity.  Consequently  the  experiment  station  has 
made  no  experiments  along  this  line  during  the  past  two  years,  and  has  no  new  data 
on  this  subject.  There  is  no  agitation  in  this  State  in  regard  to  the  building  of  fac- 
tories or  the  establishment  of  this  industry. 

MONTANA. 

Report  by  F.  W.  Traphaobn,  Special  Agent  in  Chaiige  of  Beet-sugar  Investigations, 
Stace  Experiment  Station,  Bozeman,  Mont.,  January  18,  1901. 

Dirwitor  Fortier  has  handed  your  letter  to  me  for  reply. 

The  conditions  for  the  production  of  sugar  beets,  as  judged  by  the  product,  were 
not  favorable  last  season.  Because  the  seed  was  received  too  late,  there  was  little 
planting  done  in  the  State  last  year. 

A  sample  from  Sunnyside  Stock  Farm,  Cascade  County,  grown  on  alkali  land, 
showed  the  following  results  on  analysis:  Average  weight,  5  ounces;  Brix  degrees, 
22.5;  sugar  in  juice,  15.5  percent;  sugar  in  beet,  14.72  percent;  purity  coefficient,  70. 

Analysis  of  beets  grown  at  the  experiment  station  yielded  the  following  results: 
Average  weight,  6}  ounces;  Brix  degrees,  18;  sugar  in  juice,  14.2  per  cent;  sugar  in 
beet,  13.5  per  cent;  purity  coefficient,  79;  yield  per  acre,  8J  tons. 

Billings,  Bozeman,  and  Miles  City  are  agitating  in  a  somewhat  passive  way  the 
establishment  of  factories.  No  factory  is  in  sight  in  the  near  future.  The  beets  at 
the  station  were  from  the  rotation  plats  and  were  used  in  experimental  pig  feeding 
with  other  food  with  highly  satisfactory  results. 

The  results  of  this  past  season,  taken  as  a  whole,  are  among  the  poorest  of  the  sev- 
eral years  of  our  experiment. 

Speaking  of  the  results  of  experiments  covering  several  years  past,  I  feel  safe  in 
sapng  that  the  tonnage  can  be  conservatively  placed  at  15  to  20  tons  per  acre,  and 
the  cost  of  production  at  about  $20  per  acre.  A  sugar  content  of  14  per  cent  and  80 
purity  can  be  maintained.  Additional  information  concerning  previous  results  is  to 
be  found  in  our  annual  reports. 

NEW   MEXICO. 

Report  by  Arthur  Goss,  Vice-Director  of  Experiment  Stations,  Mesilla  Park,  N.  Mex., 

January  29,  1901. 

Your  favor  of  January  5,  to  the  director  of  this  station,  has  been  referred  to  me. 
In  reply  to  your  questions  I  will  say  that  crop  conditions  in  New  Mexico  last  season 
were  unusually  dry.  The  only  beets  grown  in  the  Territory  during  the  season  of  1900, 
80  far  as  I  know,  were  in  connection  with  the  sugar  factory  at  Carlsbad,  and  with 
the  experimental  work  at  the  station  here. 

Factories  have  been  mentioned  in  connectibn  with  a  number  of  places  in  the  Ter- 
ritory, notably  Santa  Fe,  the  Animas  Valley,  and  Roswell,  but  I  am  unable  to  say 
what  places  will  build  factories  in  1901-2. 
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The  parpofle  of  the  experiments  with  sugar  beets  at  the  New  Mexioo  atatkm  mt 
sabstations  daring  1900  was  to  oontinne  the  teeta  of  vuieties  in  difiereDi  pAitB  olik 
Territory,  as  has  been  done  for  several  years  past.  The  work  at  the  oenti*!  ai 
sabstations,  as  well  as  the  cooperative  work  by  fBurmers  in  different  parte  €^  tar 
Territory,  has  demonstrated  that  remarkably  high-grade  beets  can  be  giown  in  ^ 
Territory,  especially  in  the  northern  portion.  This  fact  will  become  more  appana 
by  referring  to  the  following  table  in  which  are  given  the  average  resnltSy  bo  far  s 
secured,  from  Santa  Fe  and  San  Juan  counties  since  1897: 

ResiiMs  of  ooMiyset  of  beets  grown  since  1897  in  Santa  Fe  and  San  Juan  counUe^  y^.  M«i. 


Santa  Fe  Goanty. 

San  Juan  Coanty. 

Year. 

Number 

of 
iamples. 

Weight 
of  beets. 

Sugar  in 
beet 

Purity  00- 
effident 

Number 

of 
samples. 

Weight  ,  Sugar  in 
of  beeta.       beet 

Purity  r> 

eSeamL 

1897 

24 

10 

4 

Ftmnds.    PercenL 
1. 66         14.  M 

79.6 
82.1 
82.6 

!  Pounds,.,  BerctmL 

14  1         2.00          1Ji64 

10            1.20  1        16l77 

8            1,47           17.25 

*q.5 

189B 

1.10 
.70 

17.76 
18.15 

^4 

1899 

F* 

1900 

6             1.32  1         19.43  .            ^1 



' 

In  the  following  table  are  given  in  detail  the  results  secared  last  season  at  the  i-es- 
tral  station  at  Mesilla  Park,  Donna  Ana  County,  and  at  the  substations  at  Las  Ve^, 
San  Miguel  County,  and  at  Aztec,  San  Juan  County.  These  beets  were  grown,  shd- 
pled,  and  shipped  strictly  in  accordanc3  with  instructions  and,  consequently,  repre- 
sent what  can  be  secured  under  favorable  conditions.  Special  care  was  taken  to 
guard  against  evaporation  during  shipment,  and  to  analyze  as  soon  as  possible  after 
digging.  The  beets  were  all  received  in  practically  perfect  condition,  very  little  loa 
of  moisture  having  occurred: 

Besulis  of  analyses  of  sugar  beets  groivn  at  the  New  Mexico  Experiment  SUUion,  and  Ife 

Las  Vegas  and  Aztec  stibstatiofis,  1900, 

CENTRAL  STATION,  MESILLA  PAFK. 


Variety  and  source  of 


Vilmorin,  France 

Strandea,  Germany 

Dlppe,  Germany 

Mrozinski  No.  1.  Ruasia 
Mrozlnskl  No.  2.  Russia 

Licht  Improved 

Average 


Seed  furnished  by— 


U.S.  D.  A., No. 8941.... 
U.S.D.A.,No.8942.... 
U. 8. D.  A., No. 3944.... 
U.S.D.A.,No.3943.... 
U.S.  D.  A., No. 4416.... 
F.  O.  Boyd,  New  York. 


i^««»-  i  v2Si. 


Apr.  : 
....do., 
....do., 
— do .. 
— do ., 

do., 

...do. 


Nov.  14 
....do... 
....do... 
....do... 

do... 

....do ... 
do... 


Averse 
weight. 


Pounds. 
1.16 
1.07 
LOl 
.94 
1.14 
1.% 
1.10 


Sugar 
in  juice. 


PCTCt. 

10.0 
12.5 
14.2 
11.3 
14.3 
12.4 
12.45 


Sugar 
^nbeet. 


PereL 

9.5 

11.9 

IS.  6 

la? 

IS.  6 

1L« 
11.83 


LAS  VEGAS  SUBSTATION. 


Strandea,  Germany 

Dippe,  Germany 

Mrozinski  No.  1,  Rassia 
Mrozinski  No.  2.  Ruasia 

Licht  Improved 

Average 


U.S.  D.  A., No. 3942... 
U.S.D.A.,No.3944... 
U.S.D.A.,No.8948... 
U.S.D.A.,No.4416... 
F.  O.  Boyd,  New  York 


13.5 
15.0 
15.1 
19.0 
15w5 
15.62 


8S.( 
ffl* 

8C5 


AZTEC  SUBSTATION. 


Vilmorin,  France 

Strandes,  Germany  — 

Dippe,  Germany 

Mrozinski  No.  1,  Russia 
Mrozinski  No.  2.  Runia 

Licht  Improved 

Average 


U.  8.  D.  A.,  No.  8941.... 
U.S.D.A.,No.3942.... 
U.S.  D.  A.,  No.  3944.... 
U.S.  D.  A., No. 8943.... 
U.S.D.A.,No.4416.... 
F.  O.  Boyd,  New  York. 


Mav    1 

. ...uo ... 
....do ... 
....do ... 
....do ... 

...do... 

...do... 


Nov.    3 

. . .  .do . . 

...do .. 

do . . 

....do.. 

...do.. 

....do.. 


L34 
1.19 
1.63 
1.25 
L22 
1.28 
1.S2 


20.7 
21.4 
20.1 
21.1 
19.0 
20.4 
20.45 


19.7 
20.3 
19.1 
20.0 
18.1 
19.4 
19. 4S 


sao 

90l6 
87.1 
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I-  We  believe  the  showing  made  by  the  Aztec  substation,  Santa  Fe,  and  by  other 
places  in  the  Territory,  is  worthy  of  carehil  consideration  by  capitalists.  In  Uie  best 
jeet^producing  sections  of  the  Territory  can  be  found  plenty  of  land,  water  for  irri- 
^tion,  coal,  and  limestone  for  the  maintenance  of  sugar  factories;  and  the  composi- 
don  of  the  beets  which  can  be  produced  in  these  sections  is  certainly  very  much  better 
than  that  of  the  beets  grown  for  most  of  the  sugar  factories  now  in  operation. 

While  we  believe  that  the  yield  and  cost  of  production  under  field  conditions  can 
not  be  determined  Mrith  very  great  accuracy  when  working  with  small  experimental 
plotSy  still  the  fignres  we  have  secured  would  seem  to  show  that  satisfactory  results 
can  be  secured  in  that  connection  in  the  best  beet-producing  sections  of  the  Territory. 
For  example,  the  superintendent  of  the  Aztec  substation  reported  yields  this  year, 
lor  the  different  varieties,  ranging  from  11.3  to  16  tons  per  acre,  and  estimated  the 
ooet  of  production  per  ton  at  $2.50. 


NEW  YORK. 

Report  by  W.  H.  Jordan,  Director  of  State  Experiment  Station,  Geneva,  N.  Y., 

January  7,  1901. 

Your  inquiries  under  date  of  December  31  I  can  answer  only  in  part. 

The  crop  conditions  of  the  State  for  1900  were  modified  by  an  unusually  severe 
drought.  At  the  station  very  small  areas  were  grown.  The  object  of  the  experi- 
ments was  to  test  the  influence  of  heavy  manuring  in  the  spring  with  farm  manures 
as  compared  with  influence  of  commercial  fertilizers  upon  the  sugar  content  of  the 
beets.  For  three  years  we  have  secured  higher  sugar  content  where  heavy  applica- 
tions of  farm  manures  have  been  made  than  under  other  conditions. 

I  do  not  know  of  any  communities  which  are  agitating  the  building  of  new 
factories. 

Report  by  J.  L.  Stonb,  Assistant  in  Agriculture,  State  ICxperiment  Station,  Ithaca, 

N.  Y,,  January  12,  1901. 

Yours  of  December  31,  making  inquiry  relative  to  the  status  of  the  sugar-beet 
industry  in  the  State  of  New  York,  is  before  me.  The  weather  conditions  of  the 
early  spring  were  quite  favorable,  so  that  farmers  got  the  seed  sown  in  good  season 
and  germination  was  usually  prompt  and  satisfactory.  There  was  little  difficulty 
from  storms  at  this  period,  and  farmers  were  enabled  to  get  the  crop  well  in  hand 
with  but  little  difficulty  on  account  of  weeds. 

The  middle  portion  of  the  season  was  very  dry  and  the  crop  suffered  in  conse- 
quence. This  was  especially  true  in  the  southern  section  of  counties  where  the 
greatest  damage  was  done.  In  September  abundant  rain  fell,  and  although  the  crop 
had  made  little  growth  to  this  time,  still  the  plantations  were  in  such  conditions  that 
they  responded  to  the  supply  of  moisture  in  a  marked  way,  and  the  result  was  a 
crop  that  as  to  yield  surpassed  earlier  expectations.  However,  the  late  growth  was 
not  favorable  to  the  development  of  beets  high  in  sugar  content  or  of  high  purity. 

A  much  lai^r  area  of  beets  was  planted  in  the  State  of  New  York  in  1900  than 
ever  before,  approximately  7,600  acres  being  grown.  I  have  not  the  data  at  hand  to 
give  average  results  for  the  crop  throughout  the  State. 

As  to  the  investigations  conducted  by  the  experiment  station,  the  data  of  crops 
grown  on  the  station  farm  have  not  yet  been  computed.  We  have  reports  from  22 
^umera  who  conducted  cooperative  experiments  under  the  supervision  of  the  station, 
'^eee  experiments  were  for  the  purpose  of  determining  the  relative  value  of  certain 
^uieties  of  beets,  and  also  the  effect  of  different  fertilizers  upon  the  crop.    The 
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resulta  of  the  experiments  with  fertilizers  have  not  yet  been  compated. 
given  below  shows  results  obtained  with  seven  varieties,  and  the  averages 

ReguiU  of  variiip  tetU  at  lOiaoa  StaHon,  1900. 


The 

of  all 


tduJ 


Variety. 


I  Yield  per 
acre. 


Sugar  in  Piuicri 


Ziemans. 
UchtB 


Biendorf  Elite , 

J.  Simon  Le  Grande 

Vilmorin 

Zehrin^en 

Mangold 


14.85 
15.60 
14.00 
14.52 
11.07 
13.02 
14.40 


Pttr  oaiL 

i&n 

IS.  09 
12.40 
12.71 
U.01 
12.04 
12.68 


Average  of  all  reports 


IX  6S 


13.01 


HI 


TKt 


Interest  in  the  establishment  of  beetnsugar  factories  in  this  State  is  large  and  a  bob- 
ber  of  communities  are  agitating  along  this  line^  but  I  am  not  aware  of  any  that  hare 
come  to  a  decision  to  build  factories  in  1901. 

A  comparison  of  the  results  of  experiments  conducted  by  this  station  daring  the 
past  four  seasons  is  given  in  the  following  table: 


RemU*  of  analyses  of  beets  grotvn  at  Ithaca  Station  ^  1897-19O0. 


Season. 


Yield  per  Sugar  in 
acre.         beetsL 


Polity  »• 


1897 

1898 

1899 

1900 

Average  of  four  years 13. 61 


Torn. 

xTf  CC9tL 

16.96 

16.06 

A» 

j        12.88 

14.  S2 

MLflD 

1        11.48 

14.82 

Ml  70 

12.68 

! 

13.04 

;«Ltt 

14.61 


81. « 


It  is  probable  that  the  average  yield  obtained  from  the  experiments  referred  to 
above  is  somewhat  above  that  of  the  general  crop.  The  probable  reason  for  the 
falling  off  in  the  quality  of  beets  in  1900  is  to  be  found  in  the  climatic  conditioDe 
mentioned  above. 

NORTH   DAKOTA. 


Report  by  E.  F.  Ladd,  Chemist  of  State  Experiment  Station,  Agricultural  College, 

North  Dakota,  January  16,  1901. 

Replying  to  your  favor  of  January  4,  I  inclose  a  copy  of  my  report  on  the  sogar- 
beet  work  of  North  Dakota  for  1900.  It  is  not  yet  printed,  and  may  not  be  iar 
several  months,  being  a  part  of  a  State  document. 

Answering  your  questions  in  their  order,  I  will  say  that  the  crop  conditions  of  tbe 
State  were  the  poorest  in  several  years.  Wheat  that  should  have  yielded  at  ktst 
60,000,000  bushels  gave  12,000,000  to  15,000,000,  while  the  hay  crop  was  abnoBt  t 
total  failure.  Beet  seed  planted  in  May  in  many  instances  did  not  germinate  antii 
July,  and  the  heavy  fall  rains  continued  the  growth  and  prevented  the  maturity  of 
the  plants.  Sugar-beet  seed  was  sent  to  225  farmers,  well  distributed  over  tbe  StiCe 
But  forty-nine  samples  of  beets  were  furnished  for  analysis. 

Sugar  beets  are  not  grown  at  the  station,  except  for  stock  feed,  as  our  land  io  ix^ 
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dapted  to  growing  l)eete  of  high  sugar  content,  but  gives  a  large  yield.    The  Red 
iliver  Valley  is  not  a  sugar-producing  region,  at  least  at  the  present  time. 

Oakes  and  Jamestown  are  working  for  beet-sugar  factories.  I  am  informed  that 
lie  contract  for  the  factory  at  Oakes  has  been  let  to  a  company  for  $587,000,  and  it 
8  to  conduct  the  factory  for  the  first  year.  The  capacity  of  the  proposed  factory  is 
o  be  1,000  tons  of  beets  per  day,  with  machinery  for  working  up  500  tons  per  day. 

No  experiments  were  made  at  the  station  during  the  past  year.  The  experiments 
jontinued  in  the  State  since  1891  indicate  that  under  normal  conditions  where  beets 
are  ^'ell  grown  there  should  be  an  average  of  12  to  14  tons  per  acre.  Some  of  the 
ino£i.  conservative  farmers  have  estimated  the  cost  at  about  $30  per  acre  for  growing 
and  h&rvesting  the  beets.  The  sugar  content  has  ranged  between  13  and  14  per  cent 
for  well-grown  samples,  and  the  coefficient  of  purity  from  79  to  82.  Many  samples, 
poorly  grown,  not  mature,  prongy,  and  otherwise  injured,  have  shown  results  from 
8  per  cent  upward,  while  the  best  samples  have  given  as  high  as  22  per  («nt,  with  a 
coefficient  of  purity  above  90. 

Tlie  following  is  from  the  copy  for  my  report,  to  which  I  referred  above: 

SUGAR-BEET    KXPKRIMESTH    FOR    1900, 

The  sugar-beet  experiments  in  North  Dakota  for  1900  were  almost  a  complete  failure 
when  compared  with  the  results  for  previous  years.  When  we  consider  the  unusual 
aeason,  and  the  fact  that  the  wheat  and  hay  crops  were  the  poorest  in  the  history  of 
the  State,  we  do  not  feel  that  the  results  do  more  than  |x»int  out  that  an  occasional 
poor  year  will  occur. 

Bee<l8  were  sent  out  to  325  farmers  in  all  parts  of  the  State.    The  season  was  so  dry 

in  the  .early  summer  that  only  42  farmers  grew  any  beete  whatever.     In  many 

infitances  farmers  report  that  the  ground  was  so  dry  that  seed  plante<l  in  May  failed 

to  genninate  until  the  July  rain  came.    The  total  snow  and  ramfall  from  January  to 

ff  my  at  Fargo  was  6.96  inches.    As  the  ground  received  but  little  moisture  during  the 

preceding  fall,  there  was  not  enough  soil  moisture  to  insure  plant  growth,  except 

where  the  land  has  been  kept  well  cultivated  to  conserve  the  soil  moisture.     In  very 

few  instances  was  this  done  with  the  small  plats  of  p-ound  where  beets  w^ere  to  be 

grown.     In  earlv  July,  beets  that  had  started  and  withstood  the  drought  began  to 

make  very  rapid  growth,  for  during  the  four  months,  July,  August,  September,  and 

October,  the  total  rainfall  was  18.26  inches,  or  only  about  IJ  mches  less  than  the 

average  annual  rainfall  for  Fargo  for  the  previous  nine  years.    The  following  table 

shows  the  rainfall,  and  the  ]:)ercentage  of  cloudy  weather  for  the  several  months: 

Rainfall  in  North  Dakota,  1900. 


Month. 


April 

May 

June 

July 

August 

September 
October . . . 


Per  cent 

Precipi- 

cloudy 

tation. 

during 

the  day. 

Inches. 

1.82 

36 

.81 

32 

2.11 

46 

3.91 

44 

8.28 

64 

3.27 

61 

2.80 

69 

The  last  three  months  show  a  condition  very  unfavorable  for  sugar  formation,  and 
the  results  are,  as  might  be  expected,  very  low,  and  not  one  of  the  forty-nine  samples 
of  beets  sent  in  could  be  considered  as  mature.  In  a  few  instances  the  warm  weather 
Btarted  a  second  growth  with  new  top  formation  and  lowered  the  sugar  present  as 
shown  by  earlier  analysis. 

As  in  previous  years  the  beet  seed  was  furnished  by  the  Department  of  Agricul- 
ture, at  Washington^  and  the  franking  privilege  for  sending  out  the  seed  and  for 
bringing  in  the  beets  was  granted  by  the  Secretary  of  Agriculture,  thus  making  it 
powole  for  us  to  continue  this  line  of  work  in  the  State. 

22147—01 8 
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Five  varieties  of  beet  seed  were  sent  out  and  the  tabulated  results  for  the  few 
pies  of  each  variety  sent  in  are  as  follows: 

JRerndts  of  analyse*  of  sugar  beets  grown  in  North  Dakota^  19O0. 


variety.  ^^^^-' 


26 


White  Improved  Vilmortn 

Zehringen 

Leichlet8*  Klelnwanzlebener 

Dippe  Broe.'  Kleinwanzleb**ner I  5 

Russian  Kleinwanzlebener !  8 


Sucrose, 


Goei&cieiit 
of  parity. 


Total  and  averages ,  49 


Perceid, 

9.80 

9.58 

14.26 


64 

72 

9.22  I  €7 

9.76  e^ 


9.81 


The  beets  well  cared  for  continued  to  form  sugar  quite  rapidlv.  Beets  analyzed 
September  19  gave  8.14  per  cent  of  susrar,  and  from  the  same  plat  those  harvestal 
October  18,  or  one  month  later,  contained  14.46  per  cent.  Beets  from  another  pUit, 
for  the  three  dates,  September  29,  October  7  and  28,  gave  the  following  percentages  of 
sugar:  9.03,  13.12,  and  13.44. 

•  The  repeated  experiments  of  this  station  have  demonstrated  that  North  Dakota 
comes  properl  V  in  the  su^r-beet  belt,  and  already  capital  has  been  attracted  to  the 
State  for  developing  the  industry.  It  is  proposed  to  continue  our  sugar-beet  experi- 
ments for  one  year  more  in  various  parts  of  the  State,  after  which  it  is  proposed  to 
study  specific  problems  that  will  prove  helpful  to  the  farmers  and  manufactorers, 
should  the  industry  become  established  in  the  State. 

OHIO. 

Report  by  A.  D.  Selby,  Botanist  of  the  Ohio  Experiment  Station,  March  23,  1901. 

As  will  be  perceived  from  the  inclosed  compilation  of  results  of  analyses  of  sugar 
beets  in  Ohio  for  1900,  the  season  was  a  very  unfavorable  one,  the  least  favorable, 
indeed,  of  any  of  the  four  seasons  we  have  conducted  the  cooperative  work.  The 
number  of  samples  analyzed  is  greater  than  in  1899. 

The  root  blight,  or  damping  off  of  seedling  beets,  Wurzelbrand,  of  the  Germans,  was 
not  largely  complained  of.  In  growing  seedling  beets  in  the  pathologium  at  the  sta- 
tion, Wooster,  we  have  had  a  good  deal  of  it,  and  find  that  it  is  therein  due  to  the 
sterile  fungus,  Rhizoctonia.  We  have  also  found  this  fungus  upon  field-grown  beets 
as  well  as  upon  potatoes. 

The  root  rot  of  large  beets  has  not  been  complained  of  to  any  extent.  We  have 
found  unmistakable  instances  in  our  beet  patches  at  Woost«r  of  the  occurrence  of 
heart  or  dry-rot,  Herz-  und  Trokenfaule  of  the  (yermans.  This  is  not  at  all  evidence 
as  to  the  distribution  of  the  trouble.  We  do  not  know  to  what  extent  it  mav  have 
occurred  in  the  beet  fields,  only  that  we  have  had  no  complaint  of  it. 

Beet  scab  was  more  or  less  prevalent  among  the  beets  I  observed.  I  found  at 
Wooster  also  several  examples  of  the  crown  gall  of  the  sugar  beet,  and  at  least  one 
grower  in  Sandusky  County  had  quite  a  little  of  this  trouble. 

By  far  the  most  destructive  disease  of  the  season  was  the  leaf  spot,  which,  owing 
to  the  rainy  conditions,  did  considerable  injury  to  the  leaves  in  midsummer.  Mone 
extended  notes  have  been  put  in  the  copy  for  a  bulletin  on  this  investigation,  and  if 
there  are  any  other  points  upon  which  I  could  be  of  further  service,  I  should  be 
pleased  to  render  that  service. 

The  crop  conditions  as  to  stand  and  tonnage  were  very  favorable  in  Ohio  during 
1900.  The  beets  delivered  to  the  Fremont  works  of  the  Continental  Sugar  Company, 
amounted  to  21,200  tons  from  2,200  acres. 

Probably  no  additional  factories  will  be  built  in  Ohio  during  the  season  of  1901, 
Agitation  has  been  proposed  at  Norwalk  and  Toledo. 

Qn  the  experiment  station  grounds  the  tests  of  sugar  beets  were  simply  variety 
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teste.     Owing  to  very  unfavorable  soil  here  at  Wooeter  these  results  were  not  intei^ 
esting.    They  are  incloeed  herewith. 

Summary  of  resruUs  of  analyses  of  sugar  beets  in  Ohio,  1900. 


County. 


Northern  section: 

Afihland 

Cuyahoga 

Defiance 

Fulton 

Hancock 

Henry 

Lake 

Lorain 

Lucas 

Medina 

Ottawa 

Paulding 

Portage 

Putnam 

Sandusky 

Seneca 

Stark 

Summit 

Trumbull 

Van  Wert 

Wayne 

Wood 

Middle  section: 

Belmont 

Champaign 

Clark 

Coshocton 

Darke 

Delaware 

Franklin 

Holmes 

Knox 

Mercer 

Muskingum 

Shelby 

Southern  section: 

Fayette 

Greene 

Montgomery 

Ross 

Vinton 

Warren 

Summary: 

Northern  section 
Middle  section.. 
Southern  section 

Entire  State  .. 


Number 
of 

Average 
weight 

Sugar  in 
beets. 

Purity 
coeffi- 

samples. 

of  beets. 

cient. 

OufUXB. 

Percent. 

4 

10.3 

10.7 

78.5 

6 

7.8 

12.4 

79.6 

2 

5.4 

13.9 

83.9 

6 

27.0 

9.9 

72.0 

1 

29.1 

10.9 

78.1 

16 

11.2 

18.3 

82.4 

4 

11.1 

12.9 

77.0 

3 

23.6 

9.1 

66.8 

11 

12.6 

11.9 

81.9 

22 

15.3 

11.7 

78.5 

1 

19.6 

14.8 

86.7 

6 

12.4 

12.9 

83.0 

4 

14.8 

12.8 

77.9 

12 

15.1 

10.2 

76.2 

17 

22.6 

12.9 

81.6 

4 

12.4 

10.6 

74.7 

4 

9.9 

10.6 

79.8 

4 

14.7 

9.7 

74.3 

1 

7.8 

13.4 

82.4 

14 

14.8 

9.3 

71.6 

84 

8.7 

10.7 

77.0 

1 

9.8 

12.1 

82.5 

1 

6.2 

14.3 

83.0 

14 

16.2 

11.6 

79.6 

9 

13.4 

9.4 

76.9 

8 

20.9 

10.0 

78.8 

6 

8.4 

10.2 

78.8 

4 

26.0 

10.0 

78.0 

2 

9.2 

8.8 

72.7 

4 

20.7 

18.3 

81.6 

2 

•     11.4 

14.5 

84.2 

3 

20.9 

8.7 

69.9 

2 

15.4 

8.6 

67.6 

2 

9.4 

12.7 

80.5 

2 

9.7 

7.6 

73.9 

1 

9.4 

9.2 

69.8 

0 

23.4 

8.9 

66.8 

4 

7.0 

8.9 

75.2 

4 

12.3 

9.3 

67.3 

4 

6.9 

6.1 

67.3 

226 

12.6 

n.3 

77.8 

67 

15.9 

10.7 

77.4 

20 

12.5 

8.1 

67.6 

308 

13.2 

10.9 

77.1 

Comparison  of  general  remits  for  18^,  1898,  1899,  and  1900. 


Southern. 
Middle... 
Northern 


Section. 

Number  of  samples. 

Average  weight  beeLs  in  ounces. 

1897. 

1898. 

1899. 

1900. 

1897. 

1898.        1899.        1900. 

67 
132 

51 
153 

20 
18 
93 

20 

57 

226 

31.4 
32.6 
29.2 

1 

18.4         21.fi           19  R 

19.6 
25.0 

28  5  i        1A  Q 

855 

294 

20.5 

12.6 

re  State 

554  ,        498 

131 

903 

30.6 

22.7 

21.1 

13.2 

Section. 


Southern. 

Middle....;;;;;;; 

Northern ;;;;;;;; 

Entire  State 


Per  cent  of  sugar  in  beets 
1899. 


Purity  coefficient. 


1897. 


12,2 
13.2 
13.6 


13.3 


1898. 


10.9 
11.1 
11.6 


11.4 


12.1 
12.0 
13.0 


12.7 


1900. 


8.1 
10.7 
11.3 


1897. 


75.3 
78.0 
79.4 


10.9 


78.7 


1898. 


76.9 
76.9 

78.7 


77.9 


1899. 


77.5 
77.8 
81.5 


80.2 


1900. 


67.5 
77.4 
77.8 


77.1 
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OKLAHOMA. 

Report  >)y  John  Fieldh,  Dirwtor  of  Experiment  Station,  Stillwater,  Okla.,  Janoarr 

11-,  1901. 

In  reply  to  your  circular  of  the  5th  instant,  I  have  only  to  repeat  my  former  j«tate- 
mentu  concerning  the  poasibilities  of  beet-sugar  production  in  Oklahoma.  The  inve^ 
tigations  of  the  Division  of  Chemistry,  of  experiment  stations  in  (■ontiguous  States, 
and  of  our  own  experiment  station  all  clearly  show  the  futility  of  any  attempt  at 
growing  sugar  beets  for  the  manufacture  of  sugar  on  a  commercial  scale  in  Oklahoma 
I  feel  that  this  matter  can  not  }^  stated  too  strongly;  and  general  statements  from 
otiicial  souri^es  concerning  it  have  been  of  such  a  nature  that  some  of  our  ambitioos 
and  enterprising  people  have  only  with  difficulty  been  prevented  from  launching 
into  a  Y)eet-8Ugar  enterprise,  which  would  mean  ruin  and  disaster  for  them  and  ivr 
the  local  agricultural  interests. 

The  purpose  of  our  experiments  with  sugar  beets  on  the  station  farm  during  the 
pant  year  was  to  ascertain  their  possibilities  in  providing  succulent  feed  for  our  cattle 
and  hogs  during  the  winter  months.  The  yield  was  9f  tons  per  acre.  The  penwil- 
age  of  sugar  in  the  juice  was  10  with  a  purity  of  71.4.  The  seed  uped  was  that  for 
nished  by  the  United  States  Department  of  Agriculture. 

Please  say  for  Oklahoma  that  it  has  no  possibilities  to  attract  the  beet-sugar  indis- 
try.  I  regret  it  greatly,  for  Oklahoma  grows  such  a  great  variety  of  crops  and  gmvi 
them  8()  well  that  we  dislike  to  admit  the  impossibility  of  our  sei'uring  a  part  in  xh» 
great  industry  that  has  been  so  largely  helped  by  the  present  Secretar>'  of  Agricul- 
ture. But  the  results  of  the  investigations  which  have  showii  the  adaptability  of 
other  localities  have  shown  that  Oklahoma  is  outside  of  the  beet-sugar  belt,  and  it  is 
well  that  the  fact  be  at  once  recognized  and  so  stated. 

OREGON. 

ReiK)rt  by  A.  L.  Knisklv,  Chemist  of  State  Experimeht  Station,  C'or\^aIlii»,  Oreir., 

January  16,  1901. 

Your  circular  concerning  lx;et  industry  has  been  referred  to  me.  I  should  say 
the  conditions  were  just  about  medium  this  season  in  Oregon,  taking  the  State  as  a 
whole.  No  iK'ets  were  grown  at  the  station  in  1900.  The  1^  Cirande  Beet  Sugar 
Factory  gives  out  the  following: 

Be^tif  worked  and  gttqar  produced  at  La  Grande  factory ^  1898-1900, 


1898 
1899 
19U0 


Year. 


Toius  of     Bagii  of 


1. 


beeta. 


8,151 

n,29R 

9.097 


sugar. 


IN 
22,  W 
19,.sff 


New  berg  is  working  for  a  new  factory,  but  there  will  probably  be  no  new  Victories 
built  during  the  next  year  or  two. 

PENNSYLVANIA. 

Re^Kirt  by  William  Frear,  Chemist  of  State  Experiment  Station,  State  Collc^,  P*., 

January  17,  1901. 

No  exj)eriments  of  consequeni'e  were  condu(rted  by  us  during  the  past  year  on  the 
culture  of  the  sugar  beet.     For  several  years  precedmg,  cooperative  experiments  bad 
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been  conducted  in  different  parts  of  the  State,  with  the  indication  that  both  in  the 
northern  portion,  where  Dr.  Wiley's  thermal  sugar-beet  belt  indicated  that  the  crop 
could  be  successfully  grown  for  sugar,  and  also  in  the  lower  portion,  there  were 
many  localities  where  beets  of  excellent  yield,  richness,  and  purity  could  be  obtained. 
These  results  have  been  confirmed  by  repetition,  though,  at  least  in  one  case,  under 
conditions  of  wetness  in  the  early  season  and  drought  in  the  late  season,  which  were 
unfavorable  to  the  development  of  the  crop.  It  has  not  been  thought  that  further 
work  on  our  part  at  present  is  justified  by  the  public  interest  in  the  sugar  culture  in 
this  State. 

The  gentleman  most  interested  in  the  study  of  Pennsylvania's  possibilities  for  this 
industry  is  Mr.  F.  C.  Bosler,  an  extensive  landowner  of  Carlisle,  Pa.,  who,  several 
years  since,  was  engaged  in  the  endeavor  to  promote  a  beet-sugar  manufacturing 
establishment  to  be  located  near  Harrisburg,  but  I  have  heard  nothing  of  this  move- 
ment for  a  year  or  more,  nor  of  any  other  similar  movement  elsewhere  in  the  State. 
The  facts  concerning  our  earlier  experiments  are  stated  in  bulletins  of  this  station, 
from  which  the  following  extracts  are  made: 

The  ^neral  average  for  the  State  is  slightly  above  the  minimum  requirements  as 
to  quality  (l^per  cent  sugar  and  80  coeflocient  of  purity),  while  the  yield,  15 J  tons, 
is  satisfactory. 

Such  averages,  however,  are  likely  to  be  very  misleading,  and  a  more  just  estimate 
of  the  bearing  of  the  results  can  be  obtained  by  a  study  of  the  several  county  aver- 
ages. Of  the  33  counties  in  which  tests  were  made,  20  produced  beets  of  satisfactory 
quality,  and  in  the  majority  of  these  cases  the  yield  was  at  least  fairly  satisfactory. 
In  many  instances,  however,  only  one  or  two  samples  were  received  from  a  county. 
Results  based  on  such  a  small  number  of  trials  can  naturally  command  but  little  con- 
fidence. If  we  take  the  counties  in  which  five  or  more  trials  were  made,  excludin^^: 
Center  County,  where  the  only  trials  were  those  made  on  the  station  farm,  and 
where  the  yield  was  very  low  on  account  of  drought,  we  have  the  following  results: 

JiesuUs  of  sugar-beet  experiments  in  ten  Pennsylvania  cauniks. 


County. 

ViPld  t.*^'  Average 
RorP^   weight  of 

Sugar  in 
beet. 

Adams 

T(nis. 

7.50 
13.57 
25.18 

9.24 
25.35 

8.74 
35.24 
31.4 
12.96 
14.43 

Pound9. 

Per  cent. 
12. 91 

Bradford 

1.02 

13.33 

Bucks....             

1.5 

12.32 
12.08 
13.32 
12.47 
12. 53 

Cumberland 

Crawford 

1.5 

Franklin 

JefTerBon 

1.68 

Lttzeroe 

1.17 

1.98 

.94 

18. 18 

NoTtbamptoD  

9.36 

Unca«ter 

10.85 

Coeffi- 
cient of 
purity. 


81.4 

82.1 

82.6 

82.0 

80.4 

80.3 

81.4 

84.45 

70.0 

80.2 


Number 
of  tests. 


7 

5 

5 

236 

9 

71 

11 

7 

13 

15 


Of  these  ten  counties,  eight  produced  beets  testing  over  12  per  cent  sugar  and  80 
parity.    Seven  out  of  the  ten  also  showed  a  yield  of  over  12  tons  per  acre. 

In  general,  whether  we  consider  these  ten  counties  or  the  larger  list,  we  see  that 
the  northern  and  northwestern  counties  made  the  best  showing,  both  as  to  yield  and 
quality.  These  results  correspond  in  an  interesting  way  with  the  theoretical  sugar- 
^t  belt  as  given  in  Farmers  Bulletin  No.  52  of  the  United  States  Department  of 
Agriculture. 

Undoubtedly  there  are  many  instances  in  which  the  beets  were  harvested  too 
^rly  to  give  the  best  results  as  to  quality.  This  affects  especially  Adams,  Franklin, 
and  Cumberland  counties,  where,  m  many  instances,  the  same  crop  was  harvested 
at  two  different  dates.  The  averages  for  these  counties  would  be  raised  considerably 
vwe  only  the  later-harvested  samples  included. 

The  only  decidedly  adverse  results  were  obtained  in  Lancaster  and  Northampton 
counties,  and  in  the  case  of  the  former  it  should  be  noted  that  the  results  differ 
"materially  from  those  of  1897. 
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WISCONSIN. 

Report  by  W.  A.  Henry,  Director  of  State  Experiment  Station,  Madison,  Wis., 

January  5,  1901. 

Replying  to  yours  of  recent  date  I  will  say  that  we  are  mailing  you  under  separate 
cover  two  copies  of  the  seventeenth  annual  report  of  the  Wisconsin  Experiment 
Station,  just  coming  from  the  press. 

The  factory  which  was  partially  cx)mpleted  at  Menominee  Falls,  Wis.,  a  few  yaus 
since  has  fallen  into  new  hands,  and  contra(!ts  are  being  made  with  the  farmers  to 
grow  l)eets  the  present  season.  No  beets  were  grown  for  factor}'  purposes  in  this 
State  the  past  year. 

The  following  is  extracted  from  the  report  referred  to  above: 

Reguit*  of  ejcperiments  ivith  sugar  fteeis  in  Wigconsin^  1890-1899. 


County. 


Adams 

Aiihland 

Uarron 

Bayfield 

Brown 

Buffalo 

Burnett 

Calumet 

Chippewa... 

Clark 

Columbia  . . , 

Crawford 

Dane 

Dodge 

Door 

Douglas 

Dunn 

Eau  Claire  .. 
Fond  du  I^t 

Forest 

Grant 

Green 

Green  Lake. 

Iowa 

Iron 

Jackson 

Jefferson 

Juneau 

KenoHha 

Kewaunee  .. 
La  Crosse  . . . 
Lafayette.  .. 
Langlade  ... 

Lincoln 

Manitowoc. 
Marathon  . . , 
Marinette  . . , 
Marquette... 
Milwaukee.. 

Monroe 

Oconto 

Oneida 

Outagamie.  . 

Ozaukee  

Pepin 

Pierce 

Polk 

Portage 

Price 

Racine 

Richland 

Rock 

St. Croix  .... 


Num- 
ber of 
years. 

Number 
of  Ham- 
pies. 

Average 
sizeoi 
topped 
beets. 

Sugar  in 
juice. 

Coeffi- 
cient of 
purity. 

Yield 
acre. 

Powvds. 

Per  rent. 

PerccmL 

fbta. 

3 

11 

1.4 

13.92 

78.6 

9.7 

2 

7 

L5 

18.91 

77.6 

4 

25 

1.3 

18.71 

78.0 

ii.6 

1 

1 

2,3 

10.96 

73.5 

1&& 

4 

130 

2.1 

13.29 

77.9 

15lT 

5 

19 

1.6 

13.64 

78.3 

15  7 

3 

6 

L4 

15.14 

77.6 

12.5 

6 

66 

1,2 

16.11 

79.6 

13.6 

5 

54 

1.4 

13.98 

78.1 

12.3 

5 

90 

1.3 

14.46 

79.7 

ia7 

6 

55 

2.0 

12.92 

74.7 

13.4 

4 

18 

2.4 

12.31 

77.3  j 

12.0 

5 

78 

2.0 

13.56 

74.8  ' 

16.0 

5 

70 

L9 

13.16 

76.2 

l&S 

4 

•25 

L7 

15.20 

79.4 

12.9 

3 

12 

LO 

15^56 

83.5 

16.1 

6 

50 

L6 

13.41 

7K5 

R3 

3 

73 

1.7 

11.42 

75.2 

12.5 

ft 

49 

2.0 

12.08 

73.9 

111 

3 

4 

L7 

11.21 

72.4 

10. » 

4 

35 

2.4 

10.55 

70.7 

13.1 

4 

12 

L8 

n.8o 

73.5 

18.1 

4 

16 

2.1 

13.38 

78,4 

13.8 

4 

12 

1.7 

12.91 

75.4 

las 

] 

1 

2.2 

9.96 

©4.7 

IS-i 

4 

79 

1.8 

13.21 

77.9 

K3 

6 

61 

L7 

13.83 

77. 5 

IK.  4 

4 

18 

2.3 

18.69 

78,1 

l.\.S 

5 

31 

L8 

13.95 

77.4 

n..i 

G 

125 

2.2 

14. -26 

77.3 

liB 

5 

80 

2.1 

12.40 

76.6 

t         13.9 

4 

15 

L8 

13.25 

74.1 

'        119 

2 

16 

1.8 

12.21 

76.1 

17.6 

6 

18 

LO 

16.32. 

82.7 

9.6 

6 

77 

L8 

13.95 

78.9 

13.  S 

4 

62 

1.4 

13.49 

76.3 

1.^5 

4 

87 

2.2 

12.83 

76.1 

17-6 

4 

31 

1.2 

14.56 

80.4 

,        14.1 

.) 

25 

1.8 

14.97 

79.6 

17.i 

5 

46 

1.6 

13.87 

76.1 

1L4 

5 

33 

1.5 

15.16 

81.  T, 

1L6 

3 

8 

1.4 

15. '28 

77.3 

10.6 

ft 

108 

2.1 

13.19 

77.0 

I9l; 

6 

30 

L9 

13.61 

79.4 

14.4 

6 

14 

2.2 

16.33 

81.0 

l&l 

<j 

14 

L6 

14.26 

73.4 

llk.9 

4 

11 

L5 

12.56 

76.5 

13.7 

4 

43 

L8 

13.28 

77.3 

I0L4 

3 

13 

1.3 

13.67 

74.8 

!V6 

0 

27 

2.1 

H.85 

79.7 

Is.t 

4 

'26 

1.8 

12.04  ' 

71.8 

14.1 

6 

72 

L6 

14.23 

78.1 

111 

6 

54 

L4 

13.69 

76.9 

HI 
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Irrigation  experiment  wUh  trugar  beets  at  Utah  Experiment  StaHon,  1900. 


Plan  of  irrigation. 


Irrigated  every  week 

Irrigated  once  in  two  weeks 

Irrigated  once  in  three  weeks 

Irrigated  only  when  beets  are  badly  wilted. 
Irrigated  whenever  beets  are  slightly  wilted 
Irrigated  three  times  a  week 


Yield  per 
acre. 

Sugar  in 
jtuoe.a 

Tom. 

Per  oeni. 

24.03 

18.6 

16.  OS 

16.0 

21.40 

18.0 

14.70 

16.2 

16.88 

14.6 

22.40 

16.9 

Coeffi- 
cient of 
purity,  a 


89.1 
84.9 
87.8 
88.6 
81.7 
87.0 


a  From  analyses  by  Dr.  J.  A.  Widtsoe,  November  24, 1900. 

After  a  careful  review  of  the  sugar  beet  crop  statistics  for  the  past  three  years  I  find 
the  average  tonnage  to  be  12.25  tons  per  acre.  The  analysis  of  the  entire  crop  from 
the  two  factories  now  in  operation  shows  an  average  of  a  little  over  15  per  cent  sc^ar, 
with  a  purity  of  82  per  cent. 

From  739  analyses,  made  in  five  different  years,  at  the  Utah  Experiment  Station, 
an  average  of  15.43  per  cent  sugar  in  juice  and  84.85  per  cent  purity  has  been  obtained. 

We  have  no  statistics  at  hand  to  show  the  cost  of  production,  but  the  average 
given  by  many  of  our  best  beet  producers  is  $32  per  acre.  Many  of  our  farmers  rent 
land,  hire  help,  and  then  make  money. 

Work  has  already  commenced  on  the  construction  of  a  factory  at  Logan,  in  the 
Cache  Valley.  There  are  40,000  acres  of  land  in  this  valley,  which  has  been  shown 
by  the  Utah  Experiment  Station  to  be  adapted  to  the  culture  of  sugar  beets.  The 
farmers  have  already  contracted  to  grow  4,000  acres  of  beets.  The  machinery  has 
been  ordered,  and  it  is  expected  to  have  everthing  in  readiness  for  next  year's  crop. 

The  farmers  of  Sanpete  and  Sevier  counties  have  established  the  fact  that  their  soil 
and  climate  are  particularly  well  adapted  to  the  sugar-beet  crop  and  that  they  have 
2,000  farmers  ready,  willing,  and  anxious  to  furnish  the  beets  for  a  factory.  These 
fanners  have  organized  for  the  purpose  of  inviting  capitalists  to  invest  in  a  factory, 
and  the  indications  are  now  that  they  will  be  successful. 

Practically  all  the  seed  used  in  the  growing  of  beets  in  America  is  imported  from 
France  or  Germany.  The  Utah  Sugar  Company  at  Lehi  have  been  successfully  pro- 
ducing seed  since  1894.  During  the  season  just  closed  40  tons  have  been  produced. 
This  is  the  only  company  in  America  that  has  been  successful  in  the  production  of 
seed,  and  they  intend  to  increase  this  feature  of  their  work  until  enough  seed  is  pro- 
duced to  supply,  at  least,  the  Utah  demand. 

The  outlook  for  the  sugar  beet  in  Utah  is  very  promising.  Here,  on  the  small 
irri^ted  farms,  with  intelligent  labor  well  directed,  most  gratifying  results  can  be 
aecured  from  this  crop. 

VIRGINIA. 


Report  by  J.  L.  Phillips,  Assistant  Entomologist,  of  State  Experiment  Station, 

Blacksburg,  Va.,  January  7,  1901. 

Your  circular  letter  of  December  31  in  regard  to  sugar-beet  investigation  has  been 
referred  to  this  department,  and  in  reply  I  will  state  that  this  work  was  discontinued 
several  years  ago  on  account  of  the  many  difficulties  attending  the  same.  Very  few 
beets  were  grown  in  the  State  the  past  year  and  very  little  interest  is  now  being 
taken  in  this  line  of  work. 

Cape  Charles  and  Fredericksburg  were  agitating  the  establishment  of  factories  a 
few  years  ago,  but  the  interest  has  flagged,  and  it  is  not  at  all  likely  that  one  will  be 
established  at  either  place. 
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WISCONSIN. 


Report  by  W.  A.  Henry,  Director  of  State  Experiment  Station,  Madison,  Wis., 

January  5,  1901. 


Replying  to  yours  of  recent  date  I  will  say  that  we  are  mailing  you  under 
cover  two  copies  of  the  seventeenth  annual  report  of  the  Wisconsin  Experiment 
Station,  just  coming  from  the  press. 

The  factory  which  was  partially  completed  at  Menominee  Falls,  Wis.,  a  few  yeare 
since  has  fallen  into  new  hands,  and  contracts  are  being  made  with  the  farmers  to 
grow  l)eet8  the  present  season.  No  beets  were  grown  for  factory  purposes  in  this 
State  the  past  year. 

The  following  is  extracted  from  the  report  referred  to  above: 


ResiilU  of  experimentg  with  sugar  heet*  in  Wisconsin,  1890-1SH9. 


County. 


Adams 

Ashland 

UttTTon 

Baylield 

Brown 

Buffalo 

Burnett 

Calumet 

Chippewa... 

Clark 

Columbia  . . . 

Crawford 

Dane 

Dmlge 

Door , 

Douglas 

Dunn 

Eau  Claire  . . 
Fond  du  La( 

Forest 

Grant 

Green 

Green  Lake . 

Iowa 

Iron 

Jackson  

Jefferson 

Juneau 

Kenosha 

Kewaunee  .. 
La  (^roHst'  . . . 
Lafayette .  .. 
Langlade  ... 

Lincoln  

Manitowoc. 
Marathon  ... 
Marinette  . . . 
Marquette... 
Milwaukee.. 

Monroe 

Oconto 

Oneida 

Outagamie.  . 

OzauKee 

Pepin 

Pierce 

Polk 

Portage 

Price 

Racine 

Richland 

Rock 

St. Croix  .... 


um- 
erof 
sare. 

Number 

of  nam- 

ples. 

Average 
aiseoi 
topped 
beets. 

Pmind». 

Sugar  in 
juice. 

Coeffi- 
eient  of 
purity. 

YieU 

acre. 

Pcrceia. 

Prrecni. 

YbM. 

3 

11 

1.4 

13.92 

78.6 

47 

2 

7 

L5 

13.91 

77.6 

4 

25 

1.3 

13.71 

7&0 

U.6 

1 

1 

2.3 

10.96 

73.5 

l&a 

4 
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2.1 

13.29 

77.9 

15.7 

5 

19 

1.6 

13.64 

78.3 

15^7 

3 

6 

L4 

15.14 

77.6 

12.5 

6 

66 

1.2 

16.11 

79.6 

1S.6 

5 

54 

1.4 

18.96 

78.1 

Li.2 

5 

90 

1.3 

14.46 

79.7 

la? 

6 

65 

2.0 

12.92 

74.7 

U.4 

4 

18 

2.4 

12.31 

77.3 

12.0 

5 

78 

2.0 

13.56 

74.8  . 

16. 0 

5 

70 

1.9 

13.16 

76.2 

1&5 

4 

25 

L7 

15.20 

79.4 

12.9 

3 

12 

1.0 

15.56 

83.5 

ICLl 

6 

50 

1.6 

18.41 

78.5 

14.8 

3 

73 

1.7 

11.42 

75.2 

12.5 

5 

49 

2.0 

12.08 

ri9 

13.1 

3 

4 

L7 

11.21 

?2.4 

10.9 

4 

35 

2.4 

10.55 

70.7 

1S.1 

4 

12 

L8 

11.  a) 

78.5 

Mil 

4 

16 

2.1 

13.38 

78.4 

13.  * 

4 

12 

L7 

12.91 

75.4 

19.9 

1 

I 

2.2 

9.96 

64.7 

15- > 

4 

79 

1.8 

13.21 

77.9 

^S 

6 

61 

1.7 

18.83 

77.5 

1JL4 

4 

18 

2.3 

13.69 

78.1 

15.9 

5 

81 

1.8 

13.% 

77.4 

21.2 

G 

125 

2.2 

14.-26 

77.3 

12.0 

5 

80 

2.1 

12.40 

76.6  1 

13.9 

4 

15 

1.8 

18.25 

74.1 

14.9 

2 

16 

1.8 

12.21 

78.1 

17-6 

5 

18 

1.0 

16.32 

82.7 

9.6 

6 

77 

L8 

13.95 

78.9 

l:v> 

4 

62 

1.4 

13.49 

76w3 

13L5 

4 

87 

2.2 

12.83 

7B.1 

17.6 

4 

81 

1.2 

14.56 

80.4 

14.1 

5 

25 

1.8 

14.97 

79.6 

17.4 

0 

46 

1.6 

13.37 

7&1 

11.4 

5 

33 

1.5 

15.16 

81.  r. 

1L6 

3 

8 

1.4 

15.23 

77.3 

ia< 

5 

108 

2.1 

13.19 

77.0 

19.7 

6 

80 

1.9 

13.61 

79.4 

14.4 

6 

14 

2.2 

16.33 

81.0 

l&l 

2 

14 

L6 

14.26 

73.4 

1^0 

4 

11 

1.5 

12.56 

76w5 

13.7 

4 

43 

1.8 

13.28 

77.3 

Ml  4 

3 

13 

1.3 

13.67 

74.8 

!k« 

5 

27 

2.1 

H.85 

79.7 

livS 

4 

26 

1.8 

12.04 

71.8 

14.1 

6 

72 

L6 

14.23 

78.1 

14.1 

6 

54 

L4  1 

13.69 

76.9 

12.1 
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SmdU  o/experimentt  mth  tagar  beat  in  WUamnn,  i^9i>-/^S— Continued. 


CooiHy. 

Numbei 

IE" 

W 

Ti'" 

Coeffi- 
elenlol 
purity. 

76-S 

II 
11 

78!  6 
79.1 

Yield 

\ 

as 

PauwU. 

10.89 

11.  W 

li.67 

12.  U 

Sg 

12.80 

ilii 

H.34 

13.  SB 
H.27 

TbfU. 

Bssi^::;;;;;:::;;;:;;;;;;;:;::;;:::;; 

26.1 

0-8 

!SKUi::::::::::;:::;::::::::::::::::::::. 

■■■■  5:5 

i  11 

' 

AifFor  bMM  frroiOTi  Of  Univertity /ar 


Vmrietr  ol  beeti. 


17.330 

ZehrinKen  -~  — 

DIppeK1«i 

HutKold K,B«0 

KlelDwanilebeDer  Braune %,49U 

KlelDwuuIebeiierK.Aa 3S,5N) 

Vllmortn  Neb 38, 7W 

Kleimranilebener  Keb 3§,4;o 

PliBcbke »i,u8o 

RulkerZZ 3B,ffl» 

KulkerEE SB.  730 

BfiUer  Dippe «,«0 

Vllmorln ,  61. MO 


Vuletr  of  beeU. 


ZebriDKcn 

DIppe  KlelDvuitlebener. 

HaoBold 

Klelnvuiileben  er  Bnun> 
KlelnwuiilebeD^^.  A  B 

VIUmorinNeb 

K  lelp  nmlebener  Neb . . . 

HUMhte  

SolkerZZ 

RaikeiEB 

lUlkar  DIppe 

Vilnwrin 

Avenge mnd  loUl.. 
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The  average  contents  of  sugar  in  the  beet  for  all  varieties  for  the  different  pifts 
were  as  follows:  Plat  A,  14.68  per  cent;  Plat  B,  14.05  per  cent;  Plat  C,  14.63  pet 
cent;  Plat  D,  16.29  percent;  and  Plat  E,  16.58  percent;  tne  average  calculated  yiad» 
of  sugar  per  acre  were  5,965,  6,771, 5,162,  6,013,  and  5,017  pounds  lor  Plats  A,  B,  C,  D. 
and  £,  respectively.  We  notice,  therefore,  that  the  yield  of  beets  from  the  plat  thtt 
received  &rmyard  manure  (B)  was  so  mucn  higher  than  the  yields  on  the  other  pla!» 
that,  in  spite  of  the  fact  that  these  beets  were  considerably  lower  in  sugar  oonteo: 
than  the  oeets  from  at  least  two  of  the  other  plats,  the  yield  of  sugar  was  increaseti 
at  the  rate  of  over  1,200  pounds  per  acre  above  the  average  yields  for  the  plats  not 
fertilized,  and  the  yield  of  beets  was  increased  at  the  rate  of  5  tons  per  acre. 


REPORT  OF  THE  CHEMIST, 

H.  W.  Wiley. 


UCTTBB  OF  BX7BMITTAX. 

U.  S.  Department  of  Aoricultubb, 

DiYiBioN  OF  Chemistry, 
Washington,  D.  C,  Febmary  £1,  1901, 
Sir:  I  beg  to  transmit  herewith  the  tabulations  of  the  results  of  analyses  of  sugar 
beets  from  the  District  of  Columbia  and  the  different  States  and  Territories  during 
the  season  of  1900. 

Respecthilly,  H.  W.  Wiley, 

Chief  of  the  Division  of  Chemistry. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


Resxilts  of  Analyses  or  Sugar  Beets  Grown  in  1900. 

The  table  following  contains  the  results  of  analyses  made  in  the 
laboratory  of  the  Division  of  Chemistry,  United  States  Department  of 
Agriculture.     The  beets  analyzed  were  secured  from  two  sources: 

(1)  The  crop  grown  on  the  experimental  grounds  of  the  Department; 

(2)  the  experimental  plats  of  individual  growers  scattered  throughout 
the  country  to  whom  the  Department  sent  sugar-beet  seed.  Much 
the  greater  portion  came  from  the  latter  source. 

The  tabulations  are  made  in  the  usual  form,  and  show  the  number 
of  samples  received  from  each  State  and  Territory,  the  weight  of  the 
beets,  their  content  of  sugar,  the  purity  coefficients  of  the  juice,  and 
other  data  necessary  to  form  an  intelligent  judgment  concerning  the 
character  of  the  beets  for  sugar-making  purposes. 

The  data  from  the  different  States  and  Territories  are  tabulated  by 
counties,  and  the  location  of  the  county  in  the  State  is  indicated.  The 
study  of  these  data  is  of  great  interest,  as  showing  the  character  of 
beets  grown  under  substantially  the  same  cultural  conditions  in  all 
parts  of  the  United  States. 
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Remarks  on  Preceding  Tables, 

GENERAL. 

The  farmers  in  collaboration  with  the  Division  were  requested  ia 
sending  namples  to  give  a  statement  in  regard  to  the  favorableness>  oir 
unfavorableness  of  the  season.  These  responses  are  entered  in  the 
last  column  of  the  tables.  In  noting  these,  it  must  be  remembered 
that  the  answers  are  not  based  upon  meteorological  data  collected  in 
the  usual  way,  but  upon  the  general  impressions  which  a  farmer  fomfi: 
of  a  season  in  respect  to  crop  growth. 

ARKANSAS. 

Only  two  samples  were  received  from  this  State,  both  of  whiek 
were  of  inferior  quality. 

CALIFORNIA. 

Four  samples  showed  beets  with  favorable  sugar  content,  but  .some- 
what inferior  to  the  general  standard  of  the  State. 

COLORADO. 

Fifty-seven  samples  were  received  from  this  State.  The  average 
size  of  the  beets  was  extremely  satisfactory,  namely,  25  ounces.  The 
content  of  sugar  was  high,  namely,  14.1  per  cent,  while  Jthe  purity 
was  slightly  below  the  standard. 

These  data,  taken  in  connection  with  the  other  reported  data  from 
Colorado,  show  that  under  irrigation  in  that  State  l>eets  of  the  most 
favorable  character  for  sugar  making  can  be  produced. 

DISTRICT  OF  COLUMBIA. 

The  samples  from  the  District  of  Columbia  were  all  grown  on  the 
Department  farm  on  the  island  below  Long  Bridge.  The  reports  are 
made  according  to  variety.  Six  varieties  were  grown  and  13  samples 
of  each  variety  analyzed,  taken  at  different  periods  from  September 
19  to  December  11.  These  beets  show  a  rather  remarkable  uniformity' 
in  comparison  during  the  whole  period  over  which  the  investigations 
were  continued.  In  everv  case  the  size  of  the  beets  was  somewhat 
under  the  standard  which  would  be  favorable  to  a  high  percentage  of 
sugar.  The  sugar  content  in  each  case  was  very  low  and  also  the 
purity  coefficient. 

CONNECTICUT. 

Only  one  sample  was  received  from  Connecticut,  and  that  was  of 
inferior  quality. 
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DELAWARE. 

Only  one  sample  wa8  received  from  this  State,  which  was  of  small 
size,  but  had  a  high  content  of  sugar  and  high  purity. 

GEORGIA. 

Only  one  sample  was  received  from  Georgia,  and  this  sample  was 
ver^'^  small,  but  had  an  exceptionally  high  content  of  sugar  and  purity 
coefficient.  The  fact  that  such  a  beet  as  this  can  be  grown  in  Georgia 
should  not  be  accepted  as  an  evidence  of  the  general  fitness  of  that 
State  for  beet-sugar  production. 

IDAHO. 

Nineteen  samples  were  received  from  Idaho.  The  beets  were  of 
large  size  with  a  favorable  sugar  content  and  a  purity  slightly  below 
the  standard.  The  remark  made  with  reference  to  beets  grown  in 
Colorado  is  also  applicable  to  those  produced  in  Idaho. 

ILLINOIS. 

Sixteen  samples  were  received  from  this  State.  The  beets  were  above 
the  average  size.  The  content  of  sugar  was  phenomenally  low,  also 
the  purity. 

This  deterioration  of  the  beets  from  Illinois  during  the  present 
season  is  difficult  of  explanation.  In  most  cases  the  season  is  reported 
as  favorable,  and  yet  the  beets  were  the  poorest  ever  received  from 
that  locality. 

INDIANA. 

Fifteen  samples  were  received  from  Indiana.  The  beets  were  of 
medium  size,  but  the  content  of  sugar  was  very  low,  as  was  also  the 
purity  coefficient.  The  remark  just  made  in  respect  to  Illinois  applies 
with  almost  equal  force  to  the  results  of  the  analyses  of  the  Indiana 
beets  during  the  present  season. 

INDIAN   TERRITORY. 

Three  samples  were  received  from  this  Territory.  The  beets  were 
above  the  average  size,  and  the  content  of  sugar  and  purity  were 
remarkablv  low. 

IOWA. 

Thirty-nine  samples  were  received  from  Iowa.  The  samples  were 
far  above  the  average  size,  and  the  content  of  sugar  and  purity  do  not 
compare  very  favorably  with  previous  results  from  that  State. 
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KANSAS. 

Twenty  samples  were  received  from  Kansas.  The  l>eets  were 
slightly  above  medium  size,  and  the  content  of  sugar  and  purity  com- 
pare favorably  with  previous  results  from  that  State,  thoug^b  neither 
is  satisfactory. 

KENTUCKY. 

Twelve  samples  were  i-eceived  from  the  State  of  Kentucky-  The 
size  of  the  beets  was  below  medium,  the  content  of  sugar  low.  and 
purity  very  low. 

MAINE. 

Two  samples  were  received  from  Maine.  The  beets  were  of  medium 
size,  but  the  content  of  sugar  and  purity  were  remarkably  low  for 
beets  grown  in  that  latitude. 

MARYLAND. 

One  sample  only  was  received  from  Maryland.  It  was  below  the 
average  in  size,  with  a  low  sugar  content  and  low  purity. 

MASSACHUSETTS. 

Two  samples  were  received  from  Massachusetts.  Both  were  very 
small  in  size,  but  the  sugar  content  was  high. 

MICHIGAN. 

Four  hundred  and  seventy-eight  samples  were  received  during  the 
year  from  the  State  of  Michigan,  of  which  Monroe  County  contrib- 
uted the  greatest  number.  The  average  size  of  the  beet^s  was  some- 
what below  the  medium.  The  content  of  sugar  and  the  purity 
coefficient  were  remarkably  low  for  a  State  which  has  heretofore  given 
such  favorable  results. 

MINNESOTA. 

Ten  samples  were  received  from  Minnesota.  These  were  above  the 
average  size,  and  the  content  of  sugar  and  purity  were  both  low  for  the 
locality. 

MISSOURI. 

Mine  samples  were  received  from  Missouri  of  average  size,  but  with 
ver}'  low  sugar  content  and  purity  coefficient. 

MONTANA. 

Four  samples  were  received  from  this  State.  These  beets  were  very 
nuu'li  overgrown,  and  the  sugar  content  and  purity  were  correspond- 
ingly low. 


PROGRESS   OF   BEET-SUGAR   INDUSTRY,  1900.  157 

NEBRASKA. 

Eleven  samples  received  from  the  State  of  Nebraska,  representing 
beets  of  above  the  average  size  and  with  a  low  content  of  sugar  and 
low  purity. 

NEVADA. 

Three  samples  were  received  from  Nevada.  These  oeets  were,  in 
every  respect,  the  poorest  ever  obtained  from  that  locality,  being  below 
the  average  size,  and  having  a  remarkably  low  content  of  sugar  and 
purity  compared  with  the  results  previously  obtained  in  this  State. 

* 

NEW   HAMPSHIRE. 

Nine  samples  were  received  from  New  Hampshire.  The  beets  were 
above  the  average  in  size,  and  the  content  of  sugar  and  purity  were  not 
so  high  as  would  be  expected  from  the  locality. 

NEW  JERSEY. 

Two  samples  were  received  from  New  Jersey.  They  were  of  aver- 
age size,  with  a  sugar  content  and  purity  below  the  normal  for  suc- 
cessful manufacture. 

NEW  MEXICO. 

Two  samples  were  received  from  this  Territory,  of  a  good  size,  high 
content  of  sugar,  but  a  purity  slightly  below  the  standard. 

NEW   YORK. 

Fifty-one  samples  were  received  from  the  State  of  New  York.  These 
beets  were  of  good  size,  with  a  high  content  of  sugar  and  a  purity 
coefficient  barelv  short  of  the  standard. 

NORTH   CAROLINA. 

Four  samples  were  received  from  the  State  of  North  Carolina.  These 
samples  were  of  fair  size  and  with  a  content  of  sugar  and  purity  quite 
satisfactor}-  for  the  locality. 

NORTH   DAKOTA. 

Five  samples  were  received  from  this  Stute.  These  samples  were  of 
medium  size,  but  rather  a  low  content  of  sugar  and  a  low  purity  for 
the  locality. 

OHIO. 

Sixty-four  samples  were  received  from  the  State  of  Ohio.  The  beets 
were  slighth' above  the  average  size.  The  content  of  sugar  and  purity 
^ere  not  high  enough  for  successful  manufacture. 
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OKLAHOMA. 

Four  samples  were  received  from  Oklahoma.  These  were  of  medium 
size,  with  a  fair  content  of  sugar  and  purity  for  the  locality. 

OREGON. 

Eleven  samples  were  received  from  Oregon.  These  sampler  ^were 
of  medium  size,  with  a  favorable  sugar  content  for  successful  mano- 
facture  and  a  purity  only  slightly  below  the  standard 

PENNSYLVANIA. 

Eleven  samples  were  received  from  this  State.  These  samples  w^ere 
of  medium  size,  but  had  rather  a  low  content  of  sugar  and  purity  for 
the  locality. 

SOUTH   CAROLINA. 

Three  samples  were  received  from  South  Carolina.  They  were  above 
the  average  size,  and  had  a  sugar  content  and  purity  far  below  the 
normal. 

SOUTH   DAKOTA. 

Nine  samples  were  received  from  South  Dakota.  These  beets  were 
alx)ve  the  average  size,  and  had  a  sugar  content  and  purit}^  below  the 
noiTnal  for  that  localitv. 

TENNESSEE. 

The  only  sample  received  from  this  State  was  one  of  fair  quality. 

TEXAS. 

Fifteen  samples  were  received  from  the  State  of  Texas.  The  beefc* 
were  above  the  average  size,  and  had  a  verj'  low  content  of  sugar  and 
purity. 

UTAH. 

Five  samples  were  receivea  from  the  State  of  Utah.  They  were 
below  the  average  size,  but  showed  a  satisfactory  content  of  sugar  and 
purity  for  successful  manufacture. 

VERMONT. 

Three  samples  were  received  from  this  State.  They  were  slightly 
below  the  average  size,  but  in  content  of  sugar  and  in  purity  were  just 
about  at  the  minimum  limit  for  successful  manufacture. 

VIRGINIA. 

Forty-nine  samples  were  received  from  the  State  of  Virginia.  These 
beets  were  of  medium  size,  and  showed  a  content  of  sugar  and  purity 
coefficient  quite  satisfactory  for  the  locality. 
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WASHINGTON. 

•even  samples  were  received  from  this  State.  They  were  slightly 
ve  the  average  size  and  showed  a  very  high  content  of  sugar  and 
ery  hi^h  purity  coefficient. 

WEST  VIRGINIA. 

Four  samplen  were  received  from  West  Virginia.  These  samples 
re  very  small  and  gave  a  small  content  of  sugar  and  a  very  low 
rity  coefficient. 

WISCONSIN. 

Eig'hteen  samplers  were  received  from  the  State  of  Wisconsin.  They 
ere  considerably  above  the  average  size  and  showed  a  very  low  cou- 
nt of  sugar  and  purity  coefficient  for  the  locality. 

WYOMING. 

Two  samples  were  received  from  this  State.  These  samples  were 
f  average  size.  The\'  showed  a  satisfactory  content  of  sugar  and  a 
'urit3'  cofficient  slightly  below  the  standard. 

K  general  review  of  the  data  obtained  during  the  year  shows  that 
he  beets  as  a  whole  were  of  remarkabh^  poor  quality  as  compared 
rith  samples  received  in  previous  years.  This  poor  quality  of  the 
)eets  was  doubtless  due  partly  to  seasonal  influences  and  partly  to  the 
ack  of  proper  attention  in  growing  the  beets.  It  is  not  safe  to  gen- 
eralize in  particular  case^,  and  therefore  in  any  conclusions  which  may 
be  drawn  from  these  data  the  results  of  previous  experiments  should 
be  considered.  A  fairer  criterion  for  the  capabilities  of  the  States 
for  beet-sugar  production  is  obtained  by  a  study  of  the  following 
tables,  which  contain  the  avei'ages  from  the  different  States  and  Terri- 
tories for  a  period  of  four  years. 

Average  Results  for  Four  Years. 

In  the  followmg  ta})le  are  brought  together  the  average  results  of 
the  analyses  made  in  this  laboratory  during  the  years  1897,  1898,  1899, 
and  1900.  From  these  a  general  average  for  the  four  years  has  been 
secured.  Such  a  general  average  increiises  in  value  as  an  indicator  as 
the  number  of  analvses  and  the  number  of  vears  covered  increase. 
This  table  shows  the  number  of  samples  analyzed,  the  avei^age  weight 
of  the  beets  in  ounces,  their  sugar  content,  and  coefficient  of  purity. 
The  general  average  is  found  by  multiplying  the  data  for  each  year 
by  the  number  of   samples   for   that   year,   taking  the  sum  of  the 
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products  and  dividing  by  the  total  number  of  samples    for  the  ioc 


veans; 


Average  results  of  analyses  of  sugar  beets  far  years  ISSJ-ISOO^  inrlts^irey  hy  St 


SUtes. 


Year. 


I 

Arkansas '  WS'? 

I  1898 

,  1899 

'  1900 


Average  for  the  four  years 


California !  1897 

!  1898 

I  1899 

I  1900 


Average  for  the  four  years 
Colorado 


Average  for  the  four  years 
Connecticut 


Average  for  the  three  years 
Delaware 


Average  for  the  three  years 


1897 
1898 
1899 
1900 


1898 
1899 
1900 


1898 
1899 
1900 


District  of  Columbia i    1899 

1    1900 


Average  for  the  two  years. 


GcorKin 1898 

'    1899 
1900 

Average  for  ihe  three  years ' 


Idaho '    1897 

1  1898 
'  1899 
1900 


Average  for  the  four  years 


Illinois 1897 

t    1898 

i     1899 

190U 


Average  for  the  four  years 


Indiana '    1897 

1898 

1899 

I    1900 


Average  for  the  four  years 

Indian  Territory  (one  year) 

Iowa 


1900 

1897 
1898 
1899 
1900 


Average  for  the  four  years 


^'™^' '  Averagre     Sugar  in  , '"^g 
san?ple..    ^^^^f*^^-     »*»^  ^*'    SS 


I  Onncrji. 


6 
5 
2 


25 
16 


111 


383 


18 

'23 

16 

9 


Piprcemt. 

11.3  r.i 

7. 1  r.i 

€  B.i 

6.7  eii 


25 

27 


21 


10.(1 

8.S 


10.9 


15 

18 

7.2 

•      c: 

1 
4 

1  1 
4 

26 

25 
11 
13 

16.8 
14.6 
13.9 
12.9 

10  1 

19 

H.l 

:a* 

174 
bi) 
&4 
57 

20 
22 
24 
25 

13.6 
13.7 
14.4 
14.1 

717 

345 

22 

1Z.S 

>.j 

4 

21 

10.3 
10.9 
10 

n: 

75.S 
3.4 

1               7 

20 

10.4  > 

^< 

I 
2 

1 

14 
24 
15 

11.3 

12.5 
10 

7K» 
M.4 
75.( 

!               4 

19 

11.6 

71S 

:        4 

78 

24 
13.6 

6.4 

*.  7 

79 

82 

14.1 

&6 

e»A 

4 

47 
14 
10 

5.8 
11 
14.2 

«4 

IS 

8^.6 

15 

23 

9.8 

7i8 

1               7 

1 
!              19 

21 
28 
36 
'26 

12.5 
12 
10.8 
18.5 

7114 

75 

n.s 

32 

26 

13 

m,t 

32 

38 

17 
•20 

13.1 
10.2 

75.5 

:\2 

7L€ 
(&2 


Tl$ 


103 

14 

13.1 

7\« 

88 

21 

10.1 

r\S 

29 

19 

11.4 

•  7:i.4 

15 

21 

9.4 

71.1 

235, 

18 

11.6 

XX 

3  1 

29 

7.9 

»,i 

130  1 

18 

13.3 

ni: 

147  ' 

25 

11.4 

7&1 

67 

24 

10.9 

?.M 

39 

33 

9.6 

».7 

'23 


11.8 


74 
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iV€r<rg€  results  of  analyses  of  sugar  beets  for  years  18S7-1900,  inclusive,  hy  Stales — Con  t VI. 


Stfttcfl. 


Average  for  the  four  yean 
Kentucky 


Average  for  the  four  yean 

Loui«iiana  (one  year) 

Maine  (one  year) 

Marx'land 


Average  for  the  four  yean 
Maswachusetta 


Average  for  the  three  yean 
Michigan 


ATeiage  for  the  four  yean 
Minnesota 


Average  for  the  four  yean 
Missouri 


Average  for  the  four  yean 
Montana 


Average  for  the  four  yean 
Nebraska 


Average  for  the  four  yean. 
Nevada 


Average  for  the  four  yean 
Sew  Hampshire 


Average  for  the  three  yean 


Year. 


Number    j^^^^^ 
aampleft. :  ^«*«»»*- 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


1900 

1900 

1897 
1898 
1899 
1900 


1898 
1899 
1900 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


1897 

1898 
1899 
1900 


1897 
IH'M 
1899 
1900 


lh98 
1899 
1900 


I 


41 
16 

35! 
20 


Ounces. 
27 
22 
21 
25 


29 

31 

6 

1 


67 


4 
9 
2 


15 


450 

34 

236 

478 


1,198 


49 

21 

9 

10 


89 


324 

43 

19 

9 


395 


4 
7 
2 
4 


17 


13 

10 

6 

11 


40 


2 
4 
9 


15 


sugar  in    ^1^^ 


the  beet. 


coeffi- 
cient. 


Per  cent. 

11.4 

10.3 

9.5 

10.1 


112 

24 

6 
4 

1 
12 

16 

14 

5 

13 

23 

14 

1 

10 

19 


19 
22 

18 
10 


20 


27 
21 

8 


21 


22 
28 
22 
14 


19 


24 
22 
28 
31 


24 


20 
17 
17 
15 


19 


20 
21 
40 
38 


27 


29 
25 
19 
28 


26 


34 
17 
29 


26 


12 

14.6 

14 


13.8 


14.7 
13.2 
13.1 
11.3 


13 


I 


11 

12.7 
12.3 
10.9 


11.5 


14.4  ' 
n.2  I 

10.7 
10.4 


11.7 


12.9 

12.8 

11.3 

9.9 


11.8  I 


13. 5 
15.5 
11.1 


12.6 


73.8 
71.3 
66 
72.1 


10.4 

70.7 

11.9 
5.9 
7.4 

8.5 

71.5 
01.1 

"  **6i.*8 

8.9 

6o 

16.2 

84.2 

8.1 

67.7 

11.4 

10.4 

10.2 

9.3 

79.1 
76 

74.fi 
74.2 

10.8 

77.2 

78.6 
83.3 


81.9 


81.1 
81.9 
79.7 
76.7 


79.1 


79.2 
78.7 
77.5 
75.9 


78.5 


11.7 

73. 5 

8.5 

68.6 

7.1 

64.3 

8.5 

67.2 

11.1  I        72.4 


77.8 
72.6 
70.6 
69.8 


72.9 


76.9 
76.8 
74.4 
72.1 


75.2 


21 

IH 

18.3 

81.4 

42 

12 

18.5 

85.9 

24 

18 

16.9 

82.2 

3 

10 

9.6 

79.6 

90 

15 

17.7 

83.7 

8.3.5 

86 

74.9 


79.0 


22147—01- 


-11 


1(52 
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Arcrnge  retuUn  of  analyses  of  sugar  beets  for  years  1897-1900,  iitclwnre,  hy  States — Coot  i 


States. 


Year. 


Number 

of 
samples. 


AverMC<ts 
weight. 


Sus»r  in 
the  be«t. 


Ptir- 
ot»-ft- 


cii-BL 


New  Jeraey 1897 

1896 
:  1899 
,  1900 


Avera^re  for  the  four  yean. 


New  Mexico  Territory 1897 

1898 
1899 
1900 


Average  for  the  four  years. 


New  York 1897 

1898 

1899 

;    1900 


Average  for  the  four  years. 


North  Carolina 1897 

i  1898 
1899 
1900 


Average  for  the  four  years 
North  Dakota 


Average  for  the  three  years 


Ohio. 


Average  for  the  four  years 
Oklahoma 


Average  for  the  four  years 
Oregon 


Average  for  the  three  years 
Pennsy  Ivania 


Average  for  the  four  years 
South  Carolina 


.\verage  for  the  four  years 
So\ith  Dakota 


Average  for  the  four  years 
Tennas»ee 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


1897 
1898 
1889 
1900 


Average  for  the  four  years . 


1897 
1898 
1899 
1900 


18 


.'19 
81 
28 
11 


179 


13 
4 
4 
3 


24 


5 
24 
U 

9 


49 


17 

10 

2 

1 


30 


19 


18 
21 
31 
21 


22 


17 
14 
14 
29 


18 


17  I 

25 

29  I 


21 


13.2 

t«.7 

13.8 
11.6 
1L2 
10.6 

79.5 
7>*.l 
75-4 
74.5 

12.2  1 

77.  f 

9.9. 
10.2  , 
13 

8.4 

79.9 
M.2 
7»,S 

10.3  1 

7ft.  7 

15.1 
13.9 
10.6 
10.5 

812 

7^.6 

n.7 

12.7 

76.  S 

11 

17 
54 


10.  M 
8 

.S3 
5.4 


719 
€9.3 
67.6 
MS 


16 


9.5 


70.; 
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JLverxJige  retuUs  of  analyses  of  sugar  beets  for  years  1897-1900,  inclushe,  by  States — Cont'd. 


states. 


Yc»«r. 


samples.    '''^'«''''    '''^'^''    Xm. 


Texas 


Average  for  the  four  years. 


Utah 


1«97 
1898 
1899 
1900 


Av«mge  for  the  four  years 
Vermont  


Average  for  the  four  years 
Virnrinia 


Average  for  the  four  years 
Wa«hinf(toii 


Average  for  the  four  years 
West  VirsrlnJa 


Average  for  the  four  years 
WiscoiMdii 


Average  for  the  four  years 
Wyoming 


1897 
1898 
1899 
1900 


1897  ' 

1898  ' 

1899  ' 
1900 


1897 
189H 
1899 
1900 


1897 
1898 
1899 
1900 


1897 
1898 
1899 
1900 


Average  for  the  four  yean^ 


1 

t 

Ouiictit. 

/Vr  cent. 

1897 

11 

22 

12.6 

76. 5 

1898 

49 

25 

9.5 

69.8 

1899 

3 

12 

7.5 

.->:}.  7 

1900 

15 

29 

(i.9 

ot).8 

34 

43 

6 

49 


78 

25  . 

9.4 

35 

20 

14.3 

14 

16  ' 

13.6 

10 

20 

15 

5 

14 

13.8 

64 

19 

14.2 

8 

22 

14.2 

68 

22 

13.2 

16 

23  , 

12.8 

^ 

15 

12.1 

95 

22 

13.2 

21 
20 

17 
18 


11. 
8. 


9.5 
10 


67.6 


81. 1 
H.1.  3 

S3. 6 
.>1.3 


82. 4 


84.1 
82. 8 
79.0 
79.7 


82.2 


76.2 
72.4 
74.2 
74.1 


132  ■ 

19 

10 

74.1 

34 

27 

13.7 

80.7 

5 

•27 

13.9 

81.3 

8 

23 

13 

77.8 

2 

24 

14.9 

86.6 

49  1 

26. 

13.7 

8C.5 

14 

19 

15.4 

80.4 

4 

28 

9.1 

72.9 

3 

20 

9.1 

67.2 

4 

7 

10.7 

6-2.7 

25 

19 

12.9 

74.8 

42 

15  1 

15.8 

83.3 

16 

2-*  1 

13 

79.3 

25 

21  ' 

14.8 

84.4 

18  1 

30 

10 

73.1 

101  1 

21 

14.1 

81.1 

34 

19 

17.2 

82.3 

10 

19 

13.9 

78.1 

1 

29 

15.9 

81.9 

2 

20 

13.5 

78.5 

^'i 

19 

16.3 

81.2 

ARKANSAS. 


Fifteen  samples  have  been  examined  during  the  four  yeaivs  from 
this  State.  The  average  percentage  of  sugar  in  the  beet  was  7.2,  and 
the  average  coefficient  of  purity  63.2.  It  is  evident  that  sugar  can  not 
be  profitably  made  from  sugar  beets  of  this  character. 


CALIFORNIA. 


The  number  of  samples  from  this  State  was  so  small  as  to  render  the 
data  of  little  value.  The  general  results,  however,  confirm  the  opinion 
that  the  capabilities  of  growing  sugar  beets  of  high  quality  in  the  State 
we  without  question. 
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COLORADO. 

During  the  four  years  345  samples  have  been  analyzed  from  Colo- 
rado. The  percentage  of  sugar  in  the  general  average,  viz,  13.8,  is 
satisfactory,  but  the  purity  for  the  whole  period,  78.2,  is  slig'htly 
below  the  standard. 

CONNECTICUT. 

The  small  number  of  samples  which  has  been  received  from  Connec- 
ticut renders  an  intelligent  judgment,  based  upon  the  analyses,  impracti- 
cable. These  results  show  a  character  of  beets  which  it  would  be  quite 
unprofitable  to  attempt  to  turn  into  sugar.  The  climate  and  soil  of 
Connecticut,  however,  are  such  as  to  lead  to  the  supposition  that  beets 
of  good  manufacturing  qualities  could  be  produced  in  that  State. 

DELAWARE. 

Xo  valuable  deduction  can  be  drawn  from  the  four  samples  which 
have  been  analyzed  in  three  years  from  Delaware. 

DISTRICT   OF   COLUMBIA. 

The  results  of  two  years'  work  show  very  conclusively  that  the  soil 
and  climate  of  the  District  of  Columbia  are  wholly^  unsuited  to  the 
production  of  beets  of  high  quality  for  manufacturing  purposes. 

GEORGIA. 

The  analyses  of  fifteen  samples  from  Georgia,  extending  over  a 
period  of  three  years,  give  some  little  indication  of  the  capability  of 
sugar-beet  growing  in  the  State.  The  results,  except  the  one  sample 
received  in  1900,  are  not  encouraging. 

IDAHO. 

Analyses  of  thirty-two  samples  from  Idaho  show  the  beets  to  be 
somewhat  overgrown,  with  a  satisfactory  content  of  sugar  and  a  purity 
slightly  above  the  standard. 

ILLINOIS. 

One  hundred  samples  have  been  received  from  Illinois  during  the 
four  years  mentioned.  The  average  size  of  the  beets  was  normal,  but 
both  the  content  of  sugar  and  coeflBcient  of  purity  were  below  the 
standard. 

INDIANA. 

Two  hundred  and  thirtj^-five  samples  received  from  Indiana  showed 
that  this  State  has  practically  the  same  I'ank  as  a  sugar-beet  producer 
as  Illinois. 
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Attention  has  alread}^  been  called  to  the  fact  that  in  Indiana  and 
Illinois  a  successful  beet-sugar  industiy  can  be  established  only  in  the 
northern  pai*ts.  It  is  not  advisable  to  try  to  push  the  commercial 
growing  of  sugar  beets  further  south  than  the  central  portions  of  these 
States. 

INDIAN   TERRITORY. 

Samples  have  been  received  only  one  year  from  Indian  Territory 
and  the  number  is  too  small  to  serve  as  a  basis  for  any  rational  deduc- 
tion in  regard  to  the  qualit}^  of  the  beets  in  general  grown  in  that 
Territorj'.  Its  location  issuch  as  to  render  any  expectation  of  success- 
ful sugar-beet  cultui'e  unsuitable. 

IOWA. 

Three  hundred  and  eighty-three  samples  were  received  from  Iowa, 
showing  beets  of  good  size  and  a  fair  content  of  sugar,  just  falling 
short  of  the  average  standard  fixed  for  successful  manufacture.  The 
purity  of  the  Iowa  beets  is  remarkably  low,  when  their  content  of 
sugar  is  considered.  This  fault  can  doubtless  be  remedied  by  more 
careful  culture. 

KANSAS. 

The  climate  of  Kansas,  as  has  been  repeatedly  pointed  out,  is  not 
suitable  to  the  growing  of  high-grade  sugar  beets.  The  summers,  as 
a  rule,  are  too  long  and  too  dry.  The  data  which  have  been  secured 
from  the  one  hundred  and  twelve  samples  received  from  that  State 
confirm  this  statement. 

KENTUCKY. 

Twenty-three  samples  of  beets  grown  in  this  State  have  been 
examined.  Their  uniformly  low  sugar  content  and  purity  are  not 
encouraging. 

LOUISIANA. 

Only  one  sample  from  Louisiana  enters  into  consideration  here. 
This  sample  was  small  in  size,  but  had  a  Temarkably  high  content  of 
sugar  and  purity.  No  conclusions  respecting  the  capabilities  of  the 
State  for  sugar-beet  culture  can  be  drawn  from  this  instance.  It  is 
interesting,  however,  to  observe  that  a  beet  of  such  fine  quality  can  be 
grown  so  far  south. 

MAINE. 

Onh'^  two  samples  representing  one  year  were  received  from  Maine. 
These  samples  were  remarkably  poor  in  quality.  It  is  interesting  to 
observe  that  in  the  two  States  just  cited  the  data  obtained  are  con- 
trary to  the  expectations  which  might  justly  have  been  entertained 
regarding  the  quality  of  the  beets  produced. 
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MARYLAND. 

Maryland  appears  to  be  one  of  those  States  which  is  just  on  the 
border  separating  the  good  from  the  indiflFerent  areas  for  sugar-beet 
production.  There  are  many  part^j  of  Maryland  where  high-grade 
beets  can  be  grown.  This  is  especially  true  of  the  high  plateau  land> 
of  the  Allegheny  Mountains.  On  the  Atlantic  seaboard,  aI§?o,  heeU 
of  high  grade  can  be  grown  in  Maryland.  The  sixty-seven  samples 
secured  from  this  State  showed  both  the  sugar  content  and  purity 
below  the  standard  fixed  for  successful  culture. 

MASSACHUSETTS. 

The  niunber  of  siimples  which  have  been  received  from  Ma.ssac-hu- 
setts — nanielv,  fifteen — is  too  small  to  serve  as  a  foundation  for  anv 
definite  conclusions.  It  is  evident,  however,  where  the  soil  conditions 
are  favorable,  that  beets  of  high  quality  can  be  grown.  The  analytical 
data  obtained  from  the  Massachusetts  samples  are  very  satisfac^tory, 
both  as  regards  sugar  content  and  purity. 

MICHIGAN. 

In  the  case  of  Michigan,  the  number  of  samples  received,  viz,  1,198, 
was  so  large  as  to  make  the  deductions  therefrom  very  valuable.  It 
will  be  seen  that  the  beets  were  of  good  size,  with  a  fair  content  of 
sugar  and  a  purity  almost  reaching  the  standard. 

There  is  little  doubt  of  the  fact  that  Michigan  is  one  of  the  most 
favorable  localities  in  the  United  States  for  the  growing  of  high-grade 
sugar  beets.  When  the  fanners  of  the  State  thoroughly  learn  the  art 
of  successful  beet  culture,  they  will  be  able  to  compete  even  with  the 
more  favored  districts  of  Europe,  both  in  the  quality  of  the  beets  pro- 
duced and  in  the  yield  per  acre. 

MINNESOTA. 

The  data  obtained  from  Minnesota  are  not  so  favorable  as  theoret- 
ical indications  would  lead  one  to  expect.  The  analyses  of  eighty-nine 
samples  indicate  beets  of  very  uniform  and  almost  ideal  size  from  the 
point  of  view  of  the  farmer  and  the  manufacturer.  The  content  of 
sugar  is  slightly  below  the  minimum  standard,  and  the  same  i*emark 
can  be  applied  to  the  purity  coefficient. 

MISSOURI. 

Missouri,  as  in  the  case  of  Maryland,  is  one  of  the  border  States 
between  the  good  and  bad  areas  for  successful  beet  culture. 

The  395  samples  received  during  the  four  years  showed  beets  of 
good  average  size,  with  a  fair  content  of  sugar  but  a  low  purity.     The 


PROGRESS    OF    BEET-SUGAR   INDUSTRY,   1900.  167 

g-eiieral  result  of  the  study  of  the  data  received  from  Missouri  is  dis- 
tinctly unfavorable,  and  points  to  the  fact  that  it  is  not  a  very  suitable 
region  for  the  successful  growing  of  sugar  beets. 

MONTANA. 

The  results  obtained  from  the  few  samples  received  from  Montana 
indicate  that  in  the  beets  grown  there  so  far  the  percentage  of  sugar 
and  the  purity  are  very  much  l)elow  the  average  which  might  justly 
be  expected. 

NEBRASKA. 

Manv  vears  of  the  commercial  culture  of  the  suffar  beet  have  dis- 
tinctly  fixed  the  status  of  Nebraska  in  respect  to  this  industry.  The 
data  obtained  from  this  region  show  beets  of  fair  sugar  content  but 
rather  low  purity.  It  has  been  demonstrated  that  beet  sugar  can  be 
made  in  Nebraska,  but  it  is  evident  from  the  data  for  the  last  few 
years  that  Nebraska  does  not  rank  as  high  as  some  of  the  other  States 
in  its  capability  of  raising  high-grade  sugar  l)eets. 

NEVADA. 

Although  Nevada  is  not  regarded  as  an  agricultural  State,  it  is 
evident  from  the  data  secured  that  if  irrigation  were  practiced  over 
con.siderable  areas  there  is  no  State  in  the  Union  more  favorable  to 
the  growing  of  high-grade  beets.  In  fact,  the  data  obtained  from  the 
ninety  samples  secured  from  that  State  are  the  most  favorable  of  any 
obtained  anvwhere  in  the  country.  The  remarkablv  hicfh  content  of 
sugar  in  the  beet,  coupled  with  the  high  purity,  more  than  offsets  the 
rather  small  size  of  the  beet  produced.  It  is  evident  that  in  a  State 
like  Nevada,  where  intensive  cultivation  is  essential,  no  crop  could 
be  produced  so  profitably  as  the  sugar  beet,  provided  the  conditions 
of  manufacture  are  favorable  and  the  factories  not  too  far  removed 
from  the  sources  of  supply. 

NEW  HAMPSHIRE. 

The  few  samples  received  from  this  State  show  beets  of  fairly  high 
grade.  It  is  not  likely,  however,  owing  to  the  contour  of  the  State 
and  the  chai'acter  of  the  soil,  that  beet  culture  will  ever  become  an 
industry  of  great  magnitude  in  that  region. 

NEW    JERSEY. 

Eighty-three  samples  have  been  received  from  the  State  of  New 
Jersey.  The  size  of  the  beets  and  the  content  of  sugar  were  favorable 
with  the  purit)^  almost  up  to  the  standard.  It  is  evident  that  portions 
of  New  Jersey  are  favorable  to  the  growing  of  beets  which  could  be 
profitably  used  for  sugar  making. 
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NEW  MEXICO. 

Only  a  few  samples  were  received  from  this  Territory.  The  oonteot 
of  sugar  in  the  beets  from  this  region  is  high,  and  the  purity  almost 
up  to  the  standard.  In  the  commercial  growing  of  sugar  beets  in  tias 
Territory  difficulties  have  been  met  which  have  discouraged  the  growere 
to  8ome  extent,  but  it  is  believed  that  there  are  msLny  areas  in  Xev 
Mexico  where  successful  beet  culture  can  be  carried  on. 

NEW  YORK. 

Great  interest  has  been  manifested  in  the  State  of  New  York  during 
the  last  few  yeains  in  the  sugar-beet  industry,  and  three  factories  have 
been  in  operation.  Both  of  the  experiment  stations,  the  one  of  Cornell 
Univereity  at  Ithaca,  and  the  State  station  at  Geneva,  have  investigated 
the  subject  of  beet  culture  and  have  secured  data  of  a  verj"  valuable 
nature. 

The  data  obtained  here  during  the  four  j-eare  are  also  verj^  favorable, 
especiall}"  so  because  based  upon  so  large  a  number  of  samples,  namely 
746.  While  the  content  of  sugar  is  not  phenomenal,  it  is  hig'h  enough 
to  make  a  profitable  yield,  and  the  purity  is  satisfactory. 

NORTH   CAROLINA. 

The  samples  received  from  this  State  showed  beets  of  very  poor 
quality.  There  are  doubtless  areas  in  the  mountain  regions  where  fine 
beets  can  be  grown,  but  in  the  lowlands  it  is  evident  that  the  climatic 
conditions  are  unfavorable. 

NORTH  DAKOTA. 

The  small  number  of  samples  received  from  this  State  makes  any 
deductions  in  regard  to  the  beets  grown  there  unreliable.  The  data, 
however,  when  considered  with  those  obtained  from  the  agricultural 
experiment  station,  show  that  successful  beet  culture  can  be  practiced 
in  North  Dakota  where  the  local  conditions  are  favomble. 

OHIO. 

The  large  number  of  samples  received  from  Ohio  enables  us  to  form 
a  definite  judgment  in  regard  to  the  possibility  of  beet  culture  in  that 
State.  The  same  remark  which  has  been  made  in  regard  to  Illinois  and 
Indiana  is  applicable  to  Ohio.  The  State  as  a  whole  can  not  be  regarded 
as  favorable  to  beet  culture.  There  are,  however,  man}'  places  in  the 
northern  part  where  beets  of  high  qualitj'  could  be  produced  on  a  com- 
mercial scale. 
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OKLAHOMA. 

The  data  from  this  Territory  are  distinctly  unfavorable.  The  condi- 
tions which  obtain  there  are  very  much  the  same  as  in  Kansas,  and  the 
Territory  is  not  suitable  to  the  growth  of  high-grade  sugar  beets. 

OREGON. 

The  data  from  the  few  samples  received  from  this  State  are  of  little 
value  when  considered  alone.  When,  however,  those  obtained  from 
the  agricultural  experiment  station  are  taken  into  account,  it  is  evident 
that  in  Oregon,  at  least  in  certain  portions  of  it,  there  are  areas  well 
suited  to  the  production  of  beets  of  very  high  grade. 

PENNSYLVANIA. 

Pennsylvania  does  not  hold  as  high  a  rank  as  New  York  or  Michi- 
gan in  sugar-beet  production,  but  it  is  evident,  from  the  data  secured 
on  179  samples,  that  the  beets  are  of  a  quality  sufficiently  high  to  insure 
favorable  results  from  the  manufacture  of  sugar  from  beets  grown  in 
that  State.  The  great  ti'ouble  seems  to  lie  Math  the  coefficient  of  purity. 
This,  however,  doubtless  can  be  raised  by  careful  culture. 

SOUTH   CAROLINA. 

The  data  obtained  from  this  State  have  been  much  more  favorable 
than  theoretical  indications  would  lead  one  to  suppose.  The  coefficient 
of  purity  in  the  South  Carolina  beets  almost  reaches  the  standard, 
while  the  content  of  sugar  is  not  so  much  below  the  standard  as  might 
be  expected.  Nevertheless,  it  can  not  be  said  that  South  Carolina  is 
among  the  number  of  those  States  where  a  successful  sugar-beet  indus- 
trv  can  be  established. 

SOUTH   DAKOTA. 

V 

The  beets  received  from  South  Dakota  had  a  fair  content  of  sugar, 
but  a  low  purity.  It  is  evident  that  more  careful  culture  must  be 
practiced  in  order  to  mise  the  purity  to  the  standard.  When  this  is 
accomplished  South  Dakota  can  be  considered  as  one  of  the  localities 
favorable  to  beet  production. 

TENNESSEE. 

There  are  many  parts  of  Tennessee  where  the  altitude  is  very  great, 
but  in  these  regions  water  is  scarce  and  the  land  is  devoted  almost 
exclusively  to  grazing.     In  the  parts  of  the  State  where  agriculture  is 
.  practiced  it  is  evident  that  the  conditions  are  unfavorable  to  the  sugar- 
beet  industry. 
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TEXAS. 

Seventy -eight  samples  of  beets  have  been  received  from  Texa^  dur- 
ing the  four  years  covered  by  the  comparison.  These  beets  were 
slightly  above  the  average  in  size.  They  did  not,  however,  show  a 
content  of  sugar  and  purity  coefficient  which  would  encourage  the 
hope  of  a  successful  beet-sugar  industry  in  that  locality. 

UTAH. 

The  data  from  Utah  show  favorable  conditions.  In  connection  with 
these  data,  it  must  be  taken  into  consideration  that  the  sugar-beet 
industry  has  been  established  there  on  a  successful  commercial  scale. 
This  State  can  be  regarded  as  one  of  the  most  favorable  for  tieet  pro- 
duction, and  it  is  likely  that  a  rapid  expansion  of  the  industry  will  be 
seen  there  in  the  near  future.  The  coefficient  of  purity  show.s  that 
often  under  irrigation  beets  can  be  produced  which  have  a  juice  of  the 
finest  quality. 

VERMONT. 

The  climatic  conditions  are  favorable  to  the  production  of  high-grade 
beets,  a.s  is  clearly  indicated  by  the  data  obtained  from  ninety-five 
samples.  The  contour  of  the  State  and  the  character  of  the  soil,  how- 
ever, present  difficulties  in  the  way  of  the  expansion  of  the  sugar-beet 
industrv  which  will  be  hard  to  overcome. 

VIRGINIA. 

The  samples  received  from  this  State,  132  in  number,  are  not  encour- 
aging to  the  belief  that  a  successful  beet-sugar  industry  can  be  estab- 
lished therein.  There  are  doubtless  many  localities,  especially  in  the 
mountainous  regions,  where  exceptionally  fine  beets  can  be  gi"own, 
but  taken  as  a  whole  the  State  can  not  be  regarded  as  among  those 
where  the  future  will  see  a  successful  beet-sugar  industry  established. 

WASHINGTON. 

Washington  is  in  the  same  category  as  Oregon  as  a  beet-sugar  pro- 
ducing State.  Perhaps  the  conditions  as  a  whole  are  somewhat  more 
favorable  in  Washington  than  in  Oregon.  The  data  obtained  from  the 
forty-nine  samples  show  a  high  content  of  sugar  and  a  purity  slightly 
above  the  standard. 

WEST   VIRGINIA. 

There  are  many  localities  in  West  Virginia,  especially  among  the 
mountains,  where  beets  of  high  quality  can  be  produced. 

The  twenty-five  samples  received  do  not  correctly  represent  the  pos- 
sibilities of  the  State.     During  the  year  1897  there  were  fourteen  sam- 
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pies  received  from  West  Virginia  of  exceptionally  high  chamcter.  A 
study  of  the  data  obtained  during  the  other  three  3'ear.s  shows  the 
beets  to  be  of  very  inferior  character. 

The  agricultural  lands  in  the  mountainous  areas  of  the  State,  where 
the  climatic  conditions  are  favorable,  are  not  extensive  enough  to 
allow  any  considerable  development  of  the  industry. 

WISCONSIN. 

The  data  obtained  from  Wisconsin  showed  that  it  is  one  of  the  favor- 
able States  of  the  Union  for  the  growth  of  beets. 

One  hundred  and  one  samples  showed  beets  of  ideal  size,  ver}^  high 
content  of  sugar,  and  purity  above  the  standard. 

WYOMING. 

This  State  also  contains  many  areas  suited  to  beet  culture.  The 
forty -seven  samples  which  have  been  secured  show  beets  of  exception- 
ally hig-h  sugar  content  and  satisfactory  purity. 
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iSir:  By  invitation  of  the  United  States  Industrial  Commission,  Prof.  Mikes. 
Wliitney,  chief  of  the  Division  of  Soils,  appeared  before  that  body  on  Mafrb  11 
1901,  as  a  witne.^H  in  regard  to  the  causes  of  the  exhaustion  and  abandonment  ol 
soils.  Professor  Whitney,  in  his  testimony,  gives  in  considerable  detail  the  caose 
leading  to  the  abandonment  of  large  areas  of  land  in  the  New  England  and  Soathens 
States  particularly,  and  in  the  far  West  incidentally,  toother  with  many  valnahlc 
suggestions  for  the  reclamation  of  these  deteriorated  soils.  The  subiect  is  oi  ctmr 
siderable  general  interest,  and  it  is  believed  that  the  republication  of  the  teetimonT, 
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tion  therein  contained,  upon  which  there  is  now  no  available  publication.  I  ha^e 
the  honor,  therefore,  to  recommend  the  publication  of  the  testimony  as  Re|>ort  Xo.  70 
of  the  Department. 

Very  respectfullv,  Geo.  Wm.  Hilx, 

EdUor. 

Hon.  James  Wilson,  ^  . 

Secretary  of  AgricuUure.  MMm  Ub, 
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EXHAUSTION  AND  ABANDONMENT  OF  SOILS. 


INTBODITOnON. 

At  the  meeting  of  the  United  States  Industrial  Commission  on  March 
12,  1901,  at  Washington,  D.  C,  Mr.  Phillips  presiding.  Prof.  Milton 
Whitney,  chief  of  the  Division  of  Soils,  United  States  Department  of 
Agriculture,  was  introduced  as  a  witness,  and,  being  first  duly  sworn, 
testified  as  follows: 

Q.   (By  Mr.  Clarke.)  Will  you  please  give  your  name  and  post-office 
address,  and  also  state  your  official  position? — A.  Milton  Whitney, 
Takoma  Park,  D.  C.     I  am  chief  of  the  Division  of  Soils,  Department 
^of  Agriculture. 

Q.  How  long  have  you  been  in  your  present  position  ? — A.  About 
six  years. 

Q.  Had  you,  before  coming  to  that  position,  been  engaged  in  studies 
like  those  you  now  pursue? — A.  Yes;  I  have  been  engaged  in  the  study 
of  soils  for  the  past  eighteen  years. 

Q.  In  how  many  States? — A.  I  began  in  Connecticut  at  the  Con- 
necticut Experiment  Station,  and  was  then  in  North  Carolina  as  super- 
intendent at  the  experiment  farm;  then  as  professor  of  agriculture  in 
the  University  of  South  Carolina;  then  as  professor  of  soil  physics  in 
the  Agricultural  College  of  Maryland. 
Q.  Of  what  State  are  you  a  native? — A.  Maryland. 
Q.  The  commission  will  be  pleased  to  have  you  proceed  in  your  own 
way  to  describe  the  character  of  your  work  in  the  Department  of  Agri- 
culture, and  especially  as  to  how  you  gather  the  soils  and  how  you 
make  your  experiments. — A.  My  understanding  was  that  the  main 
question  which  would  come  up  would  be  the  very  important  subject 
of  the  exhaustion  of  soils  and  abandonment  of  lands,  particularly 
with  reference  to  the  New  England  States  and  the  Southern  States, 
and  incidentally  the  abandonment  of  certain  lands  in  the  West;  to  see 
if  cause  or  causes  could  be  assigned,  and  if  there  were  any  suggestions 
for  remedial  measures. 

Q.  Proceed,  if  you  please,  in  your  own  way,  then,  to  develop  that 
particular  subject. — ^A.  It  is  doubtless  well  known  to  the  commission 
^t  there  are  large  areas  of  land  in  the  New  England  States  that 
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have  been  abandoned;  that  there  are  large  areas  in  the  Southeni 
States  that  have  also  been  practically  abandoned  and  given  over  to 
waste;  furthermore,  that  there  are  large  areas  in  the  far  West  whicfc 
have  once  been  settled  and  which  have  since  been  abandoned  or  are 
now  held  in  very  low  esteem. 

CAUSES  OF  THE  ABANDONMENT  OF  SOUiS. 

EXHAUSTION. 

The  cause  of  the  deterioration  of  the  lands  in  the  South  has  been 
commonly  ascribed  to  the  exhaustion  of  the  soil,  and  this  is  the  first 
consideration  that  I  wish  to  take  up.  The  exhaustion  of  the  soil  is 
due,  in  my  opinion,  to  changes  in  the  chemical  and  physical  properties 
of  the  soil  rather  than  to  any  actual  extraction  of  plant  food. 

A  soil,  to  be  productive,  must  render  annually,  as  the  crop  needs  it, 
a  sufficient  amount  of  food  material  in  a  form  available  to  the  plants. 
As  a  matter  of  fact  soil  is  a  difficultly  soluble  substance,  composed 
mostly  of  silicates  and  aluminates,  or  difficultly  soluble  compounds  of 
silica,  alumina,  potash,  soda,  and  lime  in  various  forms.  Thi'ougb 
atmospheric  agencies,  largely,  these  compounds  are  rendei-ed  more  or 
less  soluble  and  more  or  less  readily  available  to  plants. 

A  fertile  soil  is  one  in  which  the  weathering  effects  come  in  at  such 
times  and  to  such  an  extent  as  to  render  available  to  plants  a  sufficieiit 
amount  of  this  plant  food.  If  that  weathering  does  not  take  place  and 
the  food  material  is  not  brought  into  a  condition  in  which  it  is  avail- 
able to  the  plants,  the  land  is  as  poor  as  though  it  actually  contained 
no  plant  food. 

I  have  never  in  my  experience  seen  a  case  in  which  one  could  j«y 
with  any  degree  of  certainty  or  even  of  probability  that  exhaustion 
was  due  to  the  actual  removal  of  plant  food.  It  is  perfectly  safe  to 
say  that  the  condition  of  the  so-called  worn-out  soils  in  the  South  is 
due,  not  to  an  actual  extraction  of  plant  food,  but  to  the  chemical  con- 
dition in  which  it  now  is,  in  which  it  is  unavailable  to  plants,  and 
that  the  restoration  of  the  fertility  of  that  land  must  be,  not  neces- 
sarily in  the  addition  of  plant  food  to  the  soil,  but  in  bringing  about 
such  changes  in  the  physical  conditions  or  in  the  chemical  combina- 
tions as  will  encourage  that  natural  weathering  of  the  soil  which 
brings  the  plant  food  into  a  condition  in  which  the  plant  can  get  its 
support. 

To  emphasize  this  statement,  which  may  appear  at  variance  with  the 
general  ideas  concerning  the  exhaustion  of  soils,  I  would  call  the  com- 
mission's attention  to  the  many  cases  in  which  soils  have  been  culti- 
vated for  hundreds  and  thousands  of  years.  So  far  as  we  know,  within 
historic  times  they  have  been  constantly  cultivated,  and  cultivated  in 
the  same  crops.     We  have  the  case  of  the  soils  of  India,  which  tradi- 
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t^ions   say  have  been  cultivated  for  two  thousand  years,  under  primi- 
tive methods,  without  artificial  fertilizing,  and  which  still  give  fair 
returns  of  the  common  crops  of  the  country.     We  have  the  case  also 
in  Egypt  of  lands  which  have  been  cultivated  since  history  began  and 
^w^here   the  soils  are  as  fertile  as  ever.     We  have  all  through  the 
southern  countries  of  Europe,  and  still  later  in  the  countries  in  the 
north  of  Europe,  in  Holland,  in  Denmark,  in  France,  in   England, 
records  of  the  continuous  and  profitable  cultivation  of  soils  for  five 
hundred  years — away  back  to  the  time  when  history  first  opens  up  our 
k.nowledge  of  these  countries. 

There  is  one  phase,  however,  that  it  would  be  well  to  dilate  upon 
here,  namely,  that  with  our  increase  in  density  of  population  and  with 
the  competition  that  has  been  going  on,  we  are  no  longer  satisfied 
with  the  yields  that  are  naturally  obtained  from  many  of  our  soils, 
and  we  have  resorted  to  the  practice  of  fertilization  in  order  to  force 
plants  to  produce  far  beyond  what  the  natuml  fertility  of  the  soil 
will  give. 

There  are  historic  experiments  that  have  been  going  on  in  England 
for  the  past  fifty  years  in  which  a  crop  of  wheat  has  been  grown  con- 
tinuously without  feililization,  and  the  yield  has  steadily  fallen  from 
what  it  was  at  first  (1  forget  the  figure)  until  it  now  produces  about  12 
or  13  bushels  per  acre.  For  the  past  twenty  years  there  has  been  lit- 
tle or  no  difference  in  the  yield,  except  slight  fluctuations  due  to  sea- 
sonal conditions,  and  it  is  believed  that  the  yield  that  is  now  obtained 
measures  approximately  the  power  of  the  soil  to  produce  a  crop  under 
perfectly  natui*al  conditions.  It  will  produce  annually,  so  far  as  we 
know,  for  hundreds  of  years  12  or  13  bushels  per  acre. 

Q.  Are  you  able  to  state  whether  the  kernel  is  as  full  and  well  devel- 
oped now  as  it  was  in  the  earlier  conditions? — A.  So  far  as  we  know, 
the  grain  is  of  the  same  value,  pound  for  pound,  but  not  being  satis- 
fied with  a  yield  of  12  or  13  bushels  per  acre  they  have,  by  the  use  of 
fertilizers  and  manures,  increased  the  yield  on  adjacent  plots  to  an 
average  of  about  30  bushels  per  acre.  In  this  forcing  of  the  crop  they 
have  found  that  they  could  economically  increase  the  production  from 
that  soil.  The  first  we  would  call  the  natural  fertility  and  the  second 
the  acquired  fertility.  One  is  perfectly  justified  in  recognizing  these 
two  characteristics  in  the  production  of  the  soil:  What  it  will  naturally 
produce  through  a  course  of  years  under  the  natural  weathering  of 
the  material,  and  what  it  can  be  made  to  produce  by  the  artificial  appli- 
cation of  more  food  material  than  the  plant  can  secure  through  the 
natural  weathering.  If  the  natural  yield  from  a  soil  becomes  so  low 
as  to  make  it  unprofitable,  it  may  often  be  necessary  to  fertilize  in 
order  to  make  the  soil  productive. 


6  EXHAUSTION   AND   ABANDONMENT   OF  SOILS. 

DEVELOPMENT  OF  NEW  AREAS  AND  NEW   INDUSTRIES. 

The  second  cause  of  the  abandonment  of  soils  arises  from  the  devd- 
opment  of  new  areas  and  new  industries.  There  is  no  question  that 
the  opening  up  of  the  western  country,  the  great  corn  and  wheat  pro- 
ducing States  of  the  central  West,  the  wheat  lands  of  California  and 
of  the  Red  River  Valley  of  Minnesota  and  Dakota,  has  had  a  great 
influence  upon  the  agriculture  of  New  England  and  all  our  fiastem 
States  and  has  done  much  toward  bringing  about  the  conditions  that 
are.  now  prevalent.     This  will  be  taken  up  more  in  detail  later. 

In  the  line  of  the  introduction  of  new  industries  I  would  cite  the  case 
of  tobacco:  Before  the  war  tobacco  was  grown  very  generally  in  the 
State  of  Maryland,  and  since  the  war  it  has  been  grown  extensively  in 
the  southern  counties  only;,  but  with  the  introduction  of  the  White 
Burley  tobacco  in  Ohio  and  Kentucky — which  produces  a  large  yield 
and  which  can  be  produced  with  profit  at  a  comparatively  low  price — 
the  tobacco  industry  in  Maryland  has  been  largely  given  up,  and  the 
effect  of  this  change  on  the  farmers  of  Maryland  has  been  very  disas- 
trous, because  tobacco  has  been  one  of  the  staple  products  of  that  por- 
tion of  the  State. 

Another  instance  that  I  should  cite  is  the  development  of  the  truck 
industry.  Fifteen  or  twenty  years  ago  the  truck  industr}'^  was  in  a 
very  flourishing  condition  in  Maryland.  Truck  was  grown  very 
extensively  on  certain  classes  of  soil  which  were  not  adapted  to  other 
lines,  and  there  were  certain  localities  in  which  the  people  were 
extremely  prosperous.  But  with  the  development  of  transportation 
facilities,  with  the  opening  up  of  truck  areas  in  the  South,  in  South 
Carolina  and  in  Florida,  and  with  the  production  of  those  early  vege- 
tables which  could  be  rushed  up  to  the  Northern  markets  in  the  winter 
and  early  spring,  the  industry  has  languished  in  certain  localities  to 
such  an  extent  that  it  has  been  given  up.  That  is  the  cause  of  the 
abandonment  of  farms  in  cei-tain  sections  of  the  Atlantic  coast  States. 

Q.  (By  Mr.  Kennedy.)  Are  you  going  to  discuss  the  question  of  irri- 
gation— whether  it  will  have  a  still  further  effect  to  cause  abandonment 
of  poorer  lands? — A.  I  will  speak  later  of  the  West,  but  I  will  bring 
this  in  at  this  time,  though  I  was  going  to  speak  of  that  particularly 
in  connection  with  the  New  England  States. 

Q.  You  had  better  take  your  own  order  probably. — A.  1  will  be  glad 
to  answer  any  particular  question  as  we  go  along,  though. 

ATTEMPTS  TO   GROW   CROPS  UNSUITED  TO  PARTICULAR  SOILS. 

Another  very  important  contributing  cause  to  the  abandonment  of 

lands  has  been  in  the  unfortunate  ventures  that  have  been  made  in 

bringing  a  people  from  a  distance  to  settle  a  I'egion  with  which  they 

are  unfamiliar,  and  to  grow  crops  with  which  they  are  themselves 
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^quainted  in  the  localities  from  which  they  come,  but  which  they  have 
appreciation  of  as  adapted  to  the  loc^alities  into  which  they  are 
g-oing.  The  Department  of  Agriculture  is  constantl}^  in  receipt  of 
requests  for  information  as  to  where  certain  settlements  of  people 
oould  be  made — people  who  are  to  be  brought  in  to  grow  alfalfa,  to 
errow  stock,  to  grow  tobacco,  or  other  crops.  And  very  frequently 
the  utmost  ignorance  is  shown  as  to  the  localities  which  are  to  be 
selected  and  as  to  the  conditions  into  which  they  are  going. 

There  have  been  many  instances  of  failure  from  these  causes  alone 
in  the  States  of  Maryland,  Virginia,  Pennsylvania,  and  in  fact  through- 
out the  country. 

One  instance  I  would  speak  of  particularly  that  has  come  to  my  per- 
sonal attention  is  a. settlement  in  one  of  the  Western  States.     A  large 
&rea  of  land  was  taken  up  and  put  under  irrigation.     Agents  were  sent 
from  this  country  abroad  to  attract  immigration.     People  were  brought 
from  Switzerland,  from  France,  from  Gennany,  and  an  extensive  plan 
of  development  was  outlined.     They  were  to  introduce  the  European 
grapes;  they  were  to  introduce  and  develop  the  sugar-beet  industry; 
they  were  to  take  up  all  kinds  of  fruits  that  had  been  successful  in 
their  own  districts;  they  were  to  grow  truck  crops,  and  they  were  to 
develop  large  grain  and  cattle  interests.     But  the  plans  completely 
failed,  as  their  soils  and  their  water  and  their  climate  were  not  fit  for 
the  industries  that  they  started.    After  a  most  disastrous  and  expensive 
experience  they  have  lost  their  crops;  they  have  found  that  fruit  will 
not  grow;  that  the  grape  is  not  suited  to  the  conditions  there.     They 
have'  lost  their  mone}'^,  and  they  have  come  to  a  realization  of  the  fact 
that  the  country  and  the  conditions  are  adapted  simply  to  giuzing; 
that  if  they  grow  alfalfa  and  stock  they  can  do  well,  but  they  can  not 
do  well  with  their  fruits  and  with  their  sugar  beets,  because  the  con- 
ditions there  are  not  adapted  to  those  crops. 

Q.  Would  you  state  what  the  location  is  ? — A.  It  is  an  area  in  New 
Mexico  that  I  am  referring  to.  It  is  an  experience  in  the  Pecos  Val- 
ley. The  principal  reason  for  the  failure  in  that  case  is  due  to  the 
condition  of  the  irrigation  water.  It  is  very  alkaline,  which  these 
people  did  not  know  when  they  went  into  that  region.  Their  failure 
was  also  due  to  their  unfamiliarity  with  the  conditions  in  that  locality, 
and  their  attempt  to  grow  something  that  they  had  grown  in  Switzer- 
land or  in  Holland  under  conditions  which  were  entirely  different.  In 
this  arid  region,  where  they  have  to  use  water  to  produce  any  crop,  the 
only  available  water  has  been  found  to  be  unfit  at  times  for  irrigation. 
This  is  a  cause  of  the  abandonment  of  large  areas  of  land,  not  only  in 
New  Mexico  but  in  other  portions  of  the  West. 
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UNFAVORABLE   CLIMATIC   CONDITIONS. 

Another  contributing  cau.se  of  the  abandonment  of  lands  has  been  in 
the  selection  of  localities  in  which  there  are  unfavorable  climatic  con- 
ditions. The  commission  is  doubtless  aware  of  the  conditions  in  Kan- 
sas and  in  portions  of  Nebi'aska  and  of  Colorado — how,  during  the 
boom  times  of  fifteen  or  twenty  years  ago  the  country  was  settled^ 
towns  were  established,  and  farms  were  obtained  with  the  idea  that 
fortunes  could  be  made  on  the  agricultural  products  of  the  country. 
Cotton  mills  were  put  up  out  in  the  semiarid  regions,  and  are  still  stand- 
ing as  monuments  to  the  unfortunate  schemes  and  ventures  that  were 
devised. 

Q.  (By  Mr.  Clarke.)  Could  you  state  what  the  cause  of  failure  was 
in  that  section? — A.  Yes;  I  will  come  to  that. 

Q.  (By  Mr.  Kennedy.)  You  do  not  mean  cotton  mills  in  Kansas  and 
Nebraska? — A.  Yes;  there  are  abandoned  cotton  mills  in  Kansas  and 
Nebraska. 

Mr.  Tompkins.  There  is  one  at  Kearney,  I  think. 

The  Witness.  In  explanation  of  the  conditions  just  stated,  it  may 
be  observed  that  the  semiarid  region  of  the  country  extends  generally 
from  the  one  hundredth  meridian  to  the  foot  of  the  Rocky  Mountains, 
and  embraces  in  mv  definition  such  areas  as  have  from  16  to  20  inches 
of  rainfall  per  year,  but  so  distributed  that  only  occasionally  ai-e  the 
seasonal  conditions  favorable  for  crops.  When  they  have  a  favorable 
season,  or  two  in  succession,  as  they  frequentl}'  do,  they  get  fine 
yields  and  make  good  returns,  but  in  three  years  out  of  five,  when 
thoy  have  their  disastrous  droughts  and  get  nothing,  the  profits  of  the 
two  successful  yeara  are  entirely  used  up. 

With  less  than  15  inches  of  annual  rainfall  lands  are  seldom  or  never 
successful!}'  cultivated,  so  far  as  I  know,  except  in  certain  ai'eas  in 
Washington  and  California.  With  20  inches  of  rainfall  (that  is  half 
what  we  have  in  the  East),  provided  it  is  fairly  well  distributed,  good 
crops  can  be  grown  in  the  semiarid  regions;  but  it  is  the  uncertainty 
of  the  seasons  which  renders  farming  unprofitable.  It  is  the  uncer- 
tain and  unequal  distribution  of  the  rainfall  that  has  caused  so  many 
disasters  and  has  been  the  reason  of  the  abandonment  of  so  many  fanns. 

It  is  perhaps  one  of  the  most  serious  problems,  that  of  the  semiarid 
regions,  that  we  have  in  the  agriculture  of  this  country  at  the  present 
time.  In  the  far  West  such  conditions  can  be  overcome  where  irriga- 
tion is  practicable,  but  so  far  as  known  there  is  no  bright  future  for 
irrigation  in  much  of  the  semiarid  regions  of  the  country.  In  Kansas 
there  were  in  1889  only  20,000  acres  of  land  under  irrigation.  In 
North  Dakota,  South  Dakota,  Nebraska,  Kansas,  and  Texas  there  were 
onlj'  <)7,0U0  acres  of  land  under  irrigation  in  that  year,  and  the  possi- 
bilities of  getting  water  are  small  in  comparison  with  the  vast  areas 
that  would  need  to  be  watered  to  be  permanently  and  safely  productive. 
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Another  cause  that  has  contributed  to  the  abandonment  of  lands  in 
the  semiarid  regions  has  been  the  deterioration  of  the  ranges  and  the 
consequent  injury  to  the  cattle  industry.  A  division  of  the  Depart- 
ment of  Agriculture  is  actually  giving  its  attention  to  the  investigation 
of  the  range  problem  and  the  possibilities  of  conserving  aixd  maintain- 
ing the  ranges,  and  this  being  the  case,  it  would  hardly  be  proper  for 
me  to  discuss  this  subject  at  greater  length  here.  It  sefems  to  me, 
however,  that  it  will  be  necessary  and  wise  to  adopt  some  legislation  to 
protect  the  ranges  in  the  West,  and  to  prevent  the  terrible  destruction 
of  property  which  is  going  on  through  close  grazing,  against  which 
there  is  no  restriction  in  many  of  the  areas  of  the  West.  It  seems  to 
me  that  this  is  a  problem  for  legislation,  as  it  is  at  present  too  difficult 
for  the  agriculturist  to  deal  with  and  much  of  it  occurs  upon  the  pub- 
lic domain.  Where  range  lands  are  rented  for  5  cents  an  acre  little 
expense  can  be  put  upon  them  for  improvement.  There  is  little  chance 
at  present  to  make  any  improvement  in  the  agricultural  conditions 
where  land  is  so  cheaply  rented,  so  cheaply  purchased,  and  so  care- 
lessly used. 

Another  example  of  unfavorable  climatic  conditions  may  be  cited  in 
the  Connecticut  Valley,  right  here  in  our  Eastern  States.  With  a 
i-ainfall  of  about  40  or  50  inches,  we  have  soils  that  have  been 
abandoned  from  the  same  unfavorable  climatic  conditions — a  defi- 
ciency of  i*ainfall — as  prevail  in  the  semiarid  regions  of  the  West. 
I  refer  particularly^  to  the  Windsor  sand,  which  occasionally  produces 
a  very  fine  crop  of  tobacco,  but  the  soil  is  so  coarse  and  leachy  that  it 
is  only  about  two  years  out  of  five  that  the  condition^  are  favorable. 
Ill  the  favorable  years  they  get  good  yields  and  the  farmers  are  very 
prosperous  and  contented;  in  the  other  three  years  out  of  five,  as  in 
the  West,  the  soils  dry  out  and  are  subject  to  such  disastrous  droughts 
that  they  are  entirely  unproductive.  The  expectation  of  getting  a 
crop  even  two  years  out  of  five  has  induced  many  farmers  to  hold  on 
until  finall}'  there  have  been  successive  seasons  of  failure,  and  they 
have  had  to  give  up.  Under  conditions  of  well-distributed  rainfall  the 
soil  produces,  as  does  the  semiarid  land  in  the  West,  but  it  is  a  desert 
for  three  years  out  of  five. 

Q.  (By  Mr.  Phillips.)  About  how  extensive  is  that  area? — A.  The 
area  in  the  Connecticut  Valley  is  not  large,  but  along  the  Atlantic 
seaboard,  in  the  aggregate,  it  covei-s  a  large  area.  These  coarse, 
sandy  soils  are  found  from  the  New  England  States  all  the  way  along 
the  Atlantic  seaboard  and  around  the  Gulf,  and  many  farais  have  been 
abandoned  on  these  areas  simply  because  of  the  unfavorable  climatic 
conditions  for  these  particular  soils  when  other  soils  surrounding 
them  are  favored  bv  the  same  conditions. 

1  would  cite  also  another  instance  to  show  the  eflfect  of  unfavorable 
climatic  conditions  on  the  abandonment  of  soils,  namely,  the  orange 
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industry  in  Florida,  where  they  have  grown  oranges  with  great  success 
for  years  and  where  the  industry  has  flourished  in  the  most  promising 
way  until  a  season  of  frost  and  freezes  that  has  thrown  back  the 
industry  for  years  and  has  ruined  a  large  number  of  people.  Thus 
is  a  contributing  cause  to  the  abandonment  of  lands,  which  can  not  be 
overlooked  in  the  consideration  of  the  subject. 

SCABCITY  OF  WATER  IN   DESERT  COUNTRY. 

Another  cause  for  the  abandonment  of  lands  is  found  in  the  scarcity 
of  water  in  our  desert  countries.  The  public  lands  of  the  arid  States 
amount  to  560,000,000  acres.  Only  3,600,000  acres  were  irri^ted  in 
those  States  in  1889  and  only  74,000,000  acres  are  capable  of  being  irri- 
gated, according  to  the  most  careful  estimates  of  the  Geological  Survey. 
We  have,  then,  the  diflference  between  the  possibilities  of  74,000,(WO 
acres  and  the  actual  extent  of  560,000,000  acres,  which  are  used  to 
some  extent  for  grazing  lands,  and  upon  which  living  is,  at  the  most 
extremely  precarious.  Many  areas  have  been  abandoned  which  have 
once  been  settled,  simply  because  of  the  extreme  scarcity  of  water  and 
the  impossibility  of  producing  agricultural  crops  or  promoting  £^i- 
cultural  interests. 

ALKALI  AND  SEEPAGE  WATER. 

Another  important  cause  of  the  abandonment  of  lands  is  found  in 
the  alkali  and  seepage  waters  of  the  West. 

I  would  call  the  attention  of  the  commission  to  some  work  the 
Department  is  doing  in  Salt  Lake  County,  Utah.  This  was  one  of  the 
earliest  settlements  where  irrigation  was  tried  in  our  modem  civiliza- 
tion of  this  country.  When  the  Mormons  first  settled  the  place  they 
naturally  took  up  the  richest  bottom  soils  along  the  Jordan  River. 
The  soils  were  naturally  filled  with  salts,  but  with  the  drainage  that 
was  started  and  from  the  character  of  the  soils  themselves  the  salts 
were  quickly  removed  and  the  lands  were  in  splendid  condition  for 
agricultural  use. 

In  the  further  settlement  of  the  country,  in  the  increase  in  the 
density  of  population,  as  the  settlers  moved  up  on  the  high  lands  and 
the  water  applied  at  higher  elevations,  the  seepage  of  water  from  the 
canals  accumulated  in  the  low  places  and  brought  with  it  the  salts, 
which  accumulated  to  such  an  extent  in  the  low  places  that  the  first 
lands,  the  most  fertile  lands  of  the  valley,  were  rendered  entirely 
unfit  for  cultivation.  They  were  wet  and  swampy,  and  they  were 
filled  with  alkali,  and  the  history  of  this  once  prosperous  commu- 
nity has  been  that  the  people  are  moving  up  onto  the  bench  land,  and 
are  abandoning  soils  which  were  once  the  most  productive  in  the 
State. 

In  the  area  which  we  surveyed  in  Salt  Lake  County,  between  the 
Jordan  River  and  the  Great  Salt  Lake,  about  50  square  miles  of  land 
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has  been  successfully  cultiTated  under  irrigation.  Of  this,  10  square 
miles,  or  nearly  one-fifth  of  the  whole  area,  hab  been  ruined  and  has 
been  abandoned  as  worthless  and  useless,  and  the  injury  is  progress- 
ing. Lands  ai*e  constantly  being  turned  out  which  have  been  swamped 
with  seepage  waters  and  which  have  been  filled  with  alkali. 

This  is  one  of  the  most  interesting  and  most  important  problems  of 
the  West,  and  one  which  I  should  like  particularly  to  bring  to  the 
attention  of  the  commission,  because  it  seems  to  me  that  something 
will  have  to  be  done,  through  either  State  or  national  legislation,  to 
stop  the  injury  that  is  going  on. 

Q.  Have  you  any  theory  as  to  how  to  stop  it? — A.  I  will  go  on  to 
state  that  The  conditions  may  be  briefly  stated  thus:  The  canal  com- 
pany, whether  organized  by  the  farmers  or  organized  with  independent 
capital,  constructs  a  canal  and  maintaiufj  a  ceiiain  level  or  uniform 
grade,  going  through  all  kinds  of  soils  which  it  may  be  necessary  to  go 
through  in  the  construction  of  its  canal.  It  happens  in  the  Salt  Lake 
Valley,  as  in  many  other  localities  that  we  have  studied,  that  thiis  canal 
goes  for  several  miles  through  a  gravelly  soil,  in  which  there  is  a  great 
deal  of  seepage  and  loss  of  water.  The  water  is  plentiful  and  of  good 
quality,  so  the  canal  companies  are  not  concerned  with  the  loss.  They 
have  a  bounteous  supply  from  the  Utah  lake,  and  they  are  getting 
good  water,  free  from  alkali.  But  the  water  in  seeping  out  through 
this  gravelly  area  is  slowly  filtering  through  the  soil,  carrying  with  it 
a  relatively  large  quantity  of  salts,  which  are  in  all  arid  soils,  and  are 
concenti-ating  the  salts  in  the  lower  lands  and  are  filling  up  the  low- 
lands with  water,  until,  as  a  matter  of  fact,  there  is  a  string  of  lakes 
out  in  what  was  once  an  arid,  desert  country — artificial  lakes  on  what 
were  later  fertile  and  well-cultivated  soils,  and  which  are  now  aban- 
doned lands  and  tule  swamps. 

It  seems  to  me  that  the  farmers  situated  on  those  lower  levels  should 
have  recourse,  through  civil  suits,  to  damages,  and  the  canal  companies 
maintaining  canals  under  such  conditions  should  either  be  compelled  to 
protect  their  canals  from  seepage  or  to  pay  damages  to  the  farmei*s 
whose  lands  are  ruined. 

These  conditions  are  exceedingly  pernicious.  If  you  have  a  soil 
under  the  most  careful  methods  of  cultivation,  farmed  with  the  most 
expensive  varieties  of  fruit  or  other  farm  products,  taking  the  utmost 
care,  giving  the  greatest  attention  to  all  methods  of  growth  so  far  as 
your  experience  and  your  skill  or  the  knowledge  of  your  experts  will 
indicate,  it  is  cei*tainly  most  exasperating  to  have  the  land  swamped 
and  filled  with  alkali  from  a  leaking  ditch  situated  perhaps  3  or  4  miles 
away,  and  over  which  you  have  no  possible  control.  It  is  an  exceed- 
ingly pernicious  thing,  for  which  some  recourae  should  be  had  in  dam- 
ages. But,  so  far  as  I  know,  there  is  nothing  to  stop  it.  The  lands 
are  going  to  waste,  and  one-fifth  of  the  irrigated  lands  of  that  district 
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alone  have  been  abandoned  from  this  cause — a  cause  which  could  hiT? 
been  provided  against.  These  lands  could  have  been  protected  ai^ 
these  farms  could  have  been  saved.  i 

Another  instance  that  I  would  cite  in  connection  with  this  district 
is  the  extensive  area  that  is  situated  just  west  of  Salt  Lake  City  and 
extending  over  to  the  Great  Salt  Lake.     There  is  an  area  of  about 
90,000  acres,  and  it  comes  close  up  to  the  Jordan  River  and  exteni< 
across  to  the  Salt  Lake.     The  land  is  filled  with  alkali,  but  it  is  not 
always  apparent  on  the  surface.     Frequently  the  surface  looks  like  a 
fertile,  easily  cultivated  loam,  and  many  attempts  have  been  made  to 
settle  the  countr3\     Many  farms  have  been  laid  out,  canals  have  beea 
constructed,  water  has  been  let  onto  the  places,  town  sites  have  been 
located,  railroads  have  been  projected  and  built,  and  with  the  first 
application  of  water  good  crops  have  been  produced;  with  the  seconi 
a  failure.     With  the  third  application  the  land  has  become  so  saltr 
that  it  is  abandoned  as  a  waste  and  desert  land.     Thousands  of  dollars 
have  been  invested  in  the  settlement  of  that  tract,  and  thousands  and 
thousands  of  dollars  have  been  lost  in  the  fruitless  eflTort  to  build  up 
an  agricultural  industry  in  that  area,  and  this  is  the  cause  of  the 
abandonment  of  these  soils — because  of  the  occurrence  of  alkali  not 
always  seen  from  the  surface,  but  always  lying  in  the  lower  depths 
of  the  soil  ready  to  come  up  at  the  first  application  of  water.     It  will 
be  interesting  to  state  that  the  result  of  our  soil  survej^  convinced  us 
that  it  was  perfectly  feasible  to  reclaim  these  lands.     There  is  sufii- 
cient  fall  to  put  in  a  drainage  system.     The  soils  are  naturallj^  easily 
worked.     The  expense  would  be  no  greater  than  the  drainage  of  lands 
in  Ohio  and  Illinois,  and  the  profit  that  would  be  realized  from  the 
reclamation  of  the  60,000  acres  of  land  situated  on  that  tract  would 
amount,  in  our  opinion,  to  about  $3,000,000  in  property   valuation. 
Now,  a  very  singular  thing  has  arisen  in  regard  to  that  section,  that 
while  the  people  seem  to  realize  that  drainage  may  reclaim  the  lands 
yet  they  seem  to  be  averse  to  havmg  the  drainage  work  done,  and  the 
people  who  have  desired  to  follow  our  advice  have  been  unable,  in 
certain  cases  at  any  rate,  to  do  so  from  the  objection  of  their  neigh- 
bors.    There  are  no  drainage  laws,  as  there  are  in  Illinois  and  othen< 
of  our  our  Middle  States,  and  the  er':erpri8e  is  stopped  right  here  by 
the  inabilit}^  to  have  any  recourse  to  State  laws,  and  by  the.  unwilling- 
ness of  the  people   to  give  access  to  the  drainage  canals  through 
their  places.     This  is  a  matter  that  I  shall  refer  to  later  in  my  remarks 
upon  drainage. 

Q.  (By  Mr.  Kennedy.)  Where  does  the  water  for  irrigation  come 
from — is  it  mountain  drainage? — A.  The  water  is  from  the  mountain 
streams,  fed  in  this  case  into  Utah  Lake,  which  is  a  fresh -water  lake, 
and  is  taken  out  of  the  Jordan  River. 

Q.  (By  Mr.  Farquhar.)  What  is  the  elevation  between  the  Great 
Salt  Lake  and  the  river  ? — A.  Twelve  feet  between  the  level  of  the 
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ive^  at  Salt  Lake  City  and  the  Ia2^K4|^tt\erW^iK  a  ridge  going  through 
tie  district  that  gives  about  2  feet  per^iile  uf"  fall  on  either  side,  and 
a  addition  to  that  there  are  extensive  washes  that  extend  up  through 
he  land  that  would  form  natural  outlets  to  the  drainage  system. 
7hey  run  up  for  8  or  10  miles  into  the  country. 

Q.  (By  Mr.  Kennedy.)  Is  the  recession  of  the  waters  of  the  Qreat 
Jalt  Liake  having  any  effect  on  the  soils  and  climate  of  Utah? — A.  It 
8  having  a  great  effect  upon  the  soils.  The  level  of  the  Great  Salt 
Liake  has  fallen  14  feet  since  1865,  and  in  our  survey  this  year  of  the 
krea  around  Ogden  we  mapped  in  60,000  acres — about  10  square  miles 
irea — where  the  lake  had  receded,  and  we  established  the  shore  line 
>f  the  lake  in  some  places  9  miles  beyond  where  the  former  survey 
oad  placed  it. 

Q.  (By  Mr.  Phillips.)  What  is  the  cause  of  the  fall  of  that  lake,  in 
j^our  judgment? — A.  There  is  an  annual  fluctuation  that  has  never  been 
explained,  and  there  are  penodical  fluctuations  that  have  never  been 
explained.  The  level  has  been  known  to  vary  from  period  to  period 
for  reasons  that  are  not  at  present  known,  but  in  addition  to  that  the 
withdrawal  of  a  large  amount  of  water  that  is  being  used  now  for  the 
irrigation  of  the  surrounding  lands,  which  does  not  go  into  the  lake 
as  formerly,  is  certainly  a  very  large  contributing  cause  to  the  lower- 
ing of  the  present  surface. 

Q.  You  spoke  in  regard  to  canals  through  the  sandy  soil  portion, 
saying  there  ought  to  be  something  done  to  remedy  the  evil.  Have  you 
any  theory?  Could  the  water  be  carried  through  pipes  and  thus  pre- 
vent seeping  through  the  soil? — A.  I  would  state  that  in  California, 
where  water  is  more  valuable,  where  the  companies  themselves  are 
financially  interested  in  how  much  water  they  sell,  it  is  very  common 
to  protect  canals  from  loss  by  seepage  by  running  through  wooden 
troughs  or  through  wooden  pipes,  or  as  is  frequently  done  where  the 
water  is  carried  through  sandy  areas,  by  cementing  the  sides  and  the 
bottoms  of  ditches.  We  have  photographs  (I  wish  I  had  brought  them 
with  me;  of  large-sized  canals  and  laterals,  constructed  in  California, 
with  tb''.  sides  and  bottoms  cemented. 

Q.  That  would  be  entirely  practicable — to  prevent  seepage  and  thus 
prevent  the  destruction  of  lands  below? — A.  It  is  entirely  practicable. 
In  many  cases  simply  the  puddling  of  the  canal  would  be  sufficient, 
but  where  seepage  causes  injury  by  alkaline  deposits,  in  my  opinion, 
it  should  be  stopped,  and  the  companies  should  be  required  to  protect 
their  canals  from  undue  loss. 

PLOODINQ   AND  INUNDATION   BY   STORMS  AND  TIDES. 

Another  cause  of  the  abandonment  of  land  is  flooding  and  occasional 
inundations  by  storms  and  tides.  The  commission,  of  course,  is  well 
aware  of  the  enormous  losses  from  floods  in  the  Mississippi  Valley ,  and 
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from  the  recent  floods  in  Texas.  This  is  a  matter  of  such  oomrooi 
knowledge  that  it  hardly  seems  necessary  for  me  to  dwell  upon  it  as 
one  of  the  important  causes  of  the  abandonment  of  soils,  where  the 
conditions  are  so  unsafe  that  settlers  can  no  longer  risk  their  lives  or 
their  crops.  But  I  would  call  your  attention  also  to  the  vast  extent  of 
the  tide  marshes  and  inland  swamps  of  the  United  States.  This  qued- 
tion  of  the  tide  marshes  has  recently  been  brought  to  the  attention  of 
the  Department  of  Agriculture  from  its  economic  importance  in  the 
New  England  States.  It  is  estimated  there  are  168,000  acres  of  tide 
marshes  along  the  Atlantic  and  the  Gulf  coast;  and  on  the  Pacific  coast 
it  IS  estimated  that  there  are  several  million  acres  of  tide  marshes. 
These  lands,  if  protected  from  the  tide  and  drained,  would  be  of  value 
in  agriculture.  Some  of  the  inland  swamps  of  Illinois  which  were 
selling  originally  at  $1  to  (5  an  acre  have  a  value  now  from  $60  to 
$100  an  acre.  It  is  estimated  that  one-fifth  of  the  area  of  Michigan  is 
swamp  land,  which,  if  drained  and  reclaimed,  would  be  of  grreat  value 
for  celery  and  corn  and  potato  crops.  The  tide  marshes  have  also  an 
indirect  effect  upon  the  values  of  adjacent  lands,  because  of  the  preva- 
lence of  disease  and  the  prevalence  of  mosquitoes.  1  would  not  say 
tide  marshes  only,  but  all  marshes.  The  commission,  of  course,  is 
aware  of  the  commonly  accepted  views  now  that  malaria  is  conveyed 
by  mosquitoes,  and  the  Department  of  Agriculture  has  been  applied  to 
recently  from  many  sources  to  suggest  means  of  reclaiming  the  tide 
marshes  and  the  inland  swamps  of  the  United  States,  partly  for  their 
agricultural  value  and  partly  for  the  increase  of  the  healthfulness  of 
the  surrounding  land.  There  are  man}'-  cases  where  areas  and  indus- 
tries have  been  abandoned  from  the  unhealthfulness  of  the  neighbor- 
ing marsh  lands.  I  do  not  know  that  there  is  any  cause  that  has  con- 
tributed so  much  to  the  discomfort  of  manv  of  the  Atlantic  coast  States 
immediately  upon  the  water,  which  would  otherwise  be  a  delightful 
location  and  a  fine  farming  land,  as  the  prevalence  of  malaria  and  simi- 
lar diseases.  That  these  causes  have  prevented  to  a  large  extent  the 
settlement  of  some  of  our  Southern  States  and  have  been  the  cause  of 
abandonment  of  some  others  of  our  lands  is  unquestionably  true.  The 
prevalence  of  malaria  and  these  malignant  fevers  near  swamp  lands  of 
the  South,  the  unhealthfulness  which  almost  prevents  the  residence  of 
white  persons,  is  a  matter  that  calls  for  very  great  and  grave  consid- 
eration, and  it  is  one  that  the  States,  at  least,  it  seems  to  me,  might 
well  consider. 

An  instance  that  I  would  cite  as  to  the  effect  of  inundation  and  floods 
as  a  cause  of  the  abandonment  of  soils  is  in  the  rice  lands  of  Soudi 
Carolina.  These  lands  before  the  war  were  protected  by  substandal 
levees  that  were  built  through  cooperation  between  the  individual  and 
the  State  and  maintained  as  a  protection  against  the  flooding  of  the 
fertile  swamp  lands  by  floods  or  by  tides.     During  the  period  of  the 
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civil  war  these  levees  were  destroyed,  the  lands  were  for  a  time  aban- 
doned, and  since  that  time  it  has  been  impossible  to  get  labor  to  work 
in  the  canals,  and  it  has  been  expensive  to  construct  the  levees,  and 
Iftrg-e  areas  of  this  once  fertile  and  extremely  productive  soil  have 
been  abandoned  from  this  cause. 

Q.  (By  Mr.  Clarke.)  Why  has  it  been  impossible  to  get  labor  to 
reclaim  this  land — on  account  of  unhealthfulness  of  the  climate? — A. 
On  account  of  unhealthfulness  and  the  unwillingness  of  labor  to  work 
under  conditions  they  have  to  in  the  swamp  lands.  In  a  wa}'^  it  would 
seem  that  machinery  could  be  introduced,  dredges;  but  so  far  as  I 
know  this  has  not  been  done  on  any  extensive  scale. 

Q.  Have  you  given  attention  to  the  development  of  rice  growing  in 
southwestern  Louisiana ? — A.  Yes.  The  conditions  there  are  that  these 
lands,  which  were  semiswainps,  have  been  drained  where  necessary, 
and  they  are  not  subject  to  overflow,  as  the  rice  lands  of  South  Caro- 
lina are.  The  Louisiana  lands  are  higher,  but  still  thej^  are  swamp 
lands,  and  the  irrigation  that  is  given  to  these  lands  is  done  by  pump- 
ing or  by  artesian  flow,  usually  by  pumping,  whereas  the  irrigation  of 
the  rice  lands  of  South  Carolina  is  ^rom  the  rivers,  and  is  without  any 
pumping  or  artificial  means,  either  for  irrigation  or  for  drainage. 

Q.  It  is  in  evidence  before  the  commission  that  the  Louisiana  rice 
region  is  very  healthful. — A.  That  region  is  much  more  healthful 
than  the  South  Carolina  rice  lands. 

L.ABOR  AND  EXPENSE  OF  MAINTAINING   PROPER  PHYSICAL  CONDITION. 

Another  cause  of  the  abandonment  of  lands,  at  least  a  contributing 
cause,  is  the  expense  of  maintaining  the  proper  physical  conditions. 
The  trouble  and  expense  of  clearing  the  stones  off  the  New  England 
fields  have  been  so  great  and  so  laborious  that  they  have  had  some- 
thing, at  least,  to  do  with  the  abandonment  of  lands  in  that  locality. 
The  simple  expense  and  labor  involved  in  getting  the  fields  into  con- 
dition and  maintaining  them  in  condition  to  cultivate  in  competition 
with  the  large  areas  of  the  fertile  Western  plains  have  been  so  great 
that  they  have  unquestionably  been  a  contributing  cause  to  the  aban- 
donment of  the  soils.  And  the  labor  and  expense  and  risk  in  main- 
taining the  proper  conditions  of  the  rice  lands  of  South  Carolina, 
which  1  will  refer  to  again,  have  been  so  great  that  there  also  these 
factors  have  operated  against  the  continuance  of  the  culture  of  the 
lands,  and  have  been  an  insurmountable  obstacle  to  the  reclamation 
of  what  were  once  fertile  and  well-cultivated  soils. 

TRANSPORTATION    CONDITIONS. 

I  would  mention  also  the  effect  of  transportation  facilities.  While 
cheap  transportation  has  opened  up  new  and  important  markets,  it  has 
also  been  the  cause  of  the  development  of  extensive  areas  of  new  and 
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exceedingly  fertile  country.  The  effect  of  this  cause  alone  in  the 
New  England  States  and  in  the  South  has  been  very  great,  and  will  be 
referred  to  in  a  later  place. 

Another  cause  has  been  unquestionably  the  discrimination  in  rates 
and  the  high  freight  charges  which  have  prevailed  in  certain  localities. 
It  is  not  my  purpose  to  go  fully  into  this  question,  as  the  commission 
has  had  in  evidence  before  questions  touching  this  important  subject, 
but  in  my  experience  the  commercial  value  of  farm  lands  is  often  con- 
trolled to  a  considerable  extent  by  the  rates  of  freight  which  are  locally 
applicable  to  these  areas.  It  may  be  that  the  lands  are  situated  at 
such  a  distance  that  cheap  transportation  can  not  be  offered ;  it  may  be 
that  there  are  conditions  of  expense  in  the  marketing  of  the  products, 
but  certain  it  is  that  the  possibilities  of  building  up  industries,  agricul- 
tural industries,  on  certain  soils  and  under  cei*tain  climatic  conditions 
which  in  themselves  would  be  favorable  is  prevented  by  the  imprac- 
ticability of  marketing  the  products  with  any  profit  under  the  pre\'aU- 
ing  conditions. 

Q.  (By  Mr.  Phillips.)  What  section  of  the  country  is  that  most 
applicable  to? — A.  I  would  cite,  in  the  case  of  Florida,  the  marketing 
of  the  bulky  and  tender  products  from  the  truck  fields.  These  products 
have  to  be  marketed  under  peculiar  conditions.  They  have  to  be 
rushed  to  the  Northern  markets  on  the  fast  freight  or  passenger 
schedule.  They  have  to  be  provided  with  proper  refrigerating  and 
ventilation  cars,  and  they  must  be  placed  upon  the  market  in  the 
shortest  possible  time  in  order  to  be  in  fresh  eatable  condition*  and  to 
reach  the  market  at  the  earliest  possible  date.  Now,  it  is  the  common 
experience  in  Florida  that  the  possibilities  of  marketing  the  crop  with 
any  profit  to  the  farmer  is  a  pretty  close  thing  to  figure  on,  and  that 
it  requires  very  nice  and  very  close  calculation  in  many  cases  to  deter- 
mine whether  it  is  possible  to  send  a  crop  to  the  Northern  markets  with 
any  profit.  I  do  not  mean  to  say  that  there  is  discrimination,  hut  I 
do  want  to  show  the  commission  that  the  possibilities  of  marketing 
the  crop,  the  possibilities  of  transportation,  have  necessarily  some- 
thing and  in  many  cases  much  to  do  with  the  possibilities  of  the  devel- 
opment of  any  particular  agricultural  district,  and  that  that  is  one  of 
the  important  factors  in  the  abandonment  of  many  enterprises  that 
have  been  started — in  the  abandonment  of  lands. 

Another  cause  of  this  same  kind  which  could  be  cited  is  in  the  mar- 
keting of  the  truck  crops  of  southern  Maryland.  The  development  of 
the  truck  industry  there  a  few  years  ago  was  very  great,  and  the  prod- 
uct had  to  be  sent  by  river  steamers  to  the  railroad  centers,  or  to  the 
Northern  market,  and  they  were  picked  up  by  these  steamers  on  their 
regular  runs.  The  amount  of  product  was  large,  the  distance  from 
the  market  was  great,  and  the  time  that  was  consumed  in  getting  the 
crop  loaded  and  delivered  in  the  Baltimore  or  Washington  or  Pbila- 
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delphia  markets  became  so  great,  and  the  transpoi*tation  .seiTice  was 
«o  irregular,  that  the  industry  on  large  areas  has  been  given  up  for 
tkhat  one  cause,  namely,  the  inability  to  market  the  products  in  the 
pxoper  way  and  in  the  quick  time  that  iy  made  necessary  by  our  pres- 
ent transportation  facilities. 

Q.  (By  Mr.  Clarke.)  You  do  not  think  that  the  difficulty  of  getting 
suitable  farm  labor  for  this  truck  farming  was  a  potent  factor  in  caus- 
ing the  abandonment  of  it? — A.  Decidedly.  1  shall  speak  of  the  con- 
dition of  labor  in  the  South  later  on.  This  is  an  important  contributing 
eause. 

SOCIAL  CONDITIONS. 

To  come  now  to  one  of  the  most  important  problems — the  social 
conditions  and  growth  in  manufactures,  and  the  increase  in  wages. 

NefW  England. — In  treating  this  1  shall  take  up  specific  cases,  first, 
of  the  cause  of  the  deterioration  and  abandonment  of  lands  in  New 
Cngland,  about  which  so  much  has  lately  been  said.     So  far  as  I  am 
aware,  there  is  no  evidence  to  show  that  the  New  England  soils  have 
any  less  plant  food  than  they  had  when  first  cultivated.     That  is  to 
say,  that  so  far  as  the  chemical  analysis  would  show,  they  have  all  of 
the  essential  ingredients  for  crop  proauction.     I  do  not  mean  to  say, 
however,  that  the  soils  are  in  as  high  a  state  of  cultivation  as  they 
w^ere,  because  I  do  not  think  that  is  universally  the  case;  but  the 
exhaustion  of  soils  as  it  is  usually  considered  has  not  contributed  to 
aoy  great  extent  to  the  present  condition  of 'r^fee  agricultural  lands  of 
New  England  in  the  two  hundred  years  in  which  they  have  been  culti- 
vated.    It  would  be  impossible,  with  the  record  we  have  of  Eastern 
countries,  to  conceive  that  in  two  hundred  years  these  soils  could  be 
so  impoverished  by  the  actual  withdrawal  of  plant  food  by  the  crops 
that  have  been  marketed  as  to  make  them  markedly  deficient  in  plant 
food.     We  must  remember  that  the  country  throughout  the  New 
England  States  has  generally  a  rough,  hilly,  and  frequently  a  stony 
soil,  with  rocks  and  bowlders  and  gravel,  left  from  the  Glacial  period. 
The  expense  of  clearing  and  cultivating  these  rough  and  rocky  soils  is 
considerable.     With  the  development  of  the  fertile  lands  in  the  West, 
with  the  ease  of  cultivation  and  the  methods  that  can  be  employed, 
the  cost  of  production  has  been  reduced.     The  New  England  farmer 
can  no  longer  afford  to  grow  the  staple  farm  products.     When  wheat 
was  bringing  11.25  and  $1.60  a  bushel,  as  it  was  a  few  years  ago,  and 
when  hay  was  correspondingly  valuable  and  cattle  a  correspondingly 
important  industry,  the  products  from  the  New  England  faims  were 
profitable.     There  is  no  question  that  the  New  England  farmers  made 
a  comfortable  living;  but  with  wheat  as  low  as  it  is  at  present,  with 
cattle  as  cheaply  raised  as  they  are  in  the  West,  and  with  hay  and 
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grain  as  abundant,  they  have  been  unable  to  compete.  The  coatribo- 
ting  cause  of  this  condition  has  been  the  small  areas  which  they  could 
devote  to  any  particular  crop,  and  the  labor  and  expense  of  cultivatuig 
and  caring  for  their  land.  The  development  of  transportation  facili- 
ties, the  lowering  of  freight  rates  in  the  rail  and  lake  and  canal  tTaii£^ 
portation,  has  made  it  possible  to  bring  products  from  the  West  at 
such  a  low  price  that  it  has  been  impossible  on  the  rough  and  rocky 
New  England  soils  to  compete. 

Another  very  important  contributing  cause  has  been  in  the  increase 
in  the  number  and  size  of  factories.  It  is  unquestionable  that  the 
social  conditions  of  New  England  have  changed  in  the  past  few  years — 
that  the  growth  of  the  factory  system,  that  the  increase  in  wa^es^  that 
the  lesser  cost  of  the  products  of  the  mills,  the  increase  in  the  number 
and  variety  of  articles  that  are  considered  necessary  for  comfort  and 
health,  the  general  increase  in  the  cost  of  living,  the  general  feeling 
of  discontent,  and  the  unwillingness  to  remain  in  the  quiet  and  labo- 
rious life  of  the  farm  have  all  had  their  influence. 

It  seems  to  me  that  of  all  the  causes  that  have  contributed  to  the 
abandonment  of  the  lands  in  New  England  there  is  no  other  factor 
that  has  been  more  potent,  more  important  than  this  one,  of  the  suc- 
cess of  individuals  in  the  commercial  and  industrial  lines,  and  the 
apparent  ease  and  comfort  and  luxury  of  their  lives  as  compared  with 
the  laborious  and  simple  life  of  even  the  successful  farmer. 

Q.  (By  Mr.  Kennedy.)  I  read  in  the  public  press  a  short  time  since 
that  the  abandoned  farms  of  New  England  were  being  taken  up  again 
at  a  very  low  price;  that  those  who  had  abandoned  them  and  gone  to 
the  West  in  many  cases  were  returning  and  tryinj;  to  get  the  old 
homesteads,  and  that  if  they  could  not  do  that  thej'  were  buying 
abandoned  farms  in  the  neighborhood,  and  in  one  of  the  New  England 
States,  in  Massachusetts  or  Connecticut,  there  was  not  now  a  single 
abandoned  farm. — A.  I  think  there  is  a  reaction  going  on,  but  I  should 
think  that  statement  rather  overdrawn.  Unquestionably,  however,  I 
think  there  will  be  a  reaction,  and  that  the  lands  will  be  taken  up. 

Q.  (By  Mr.  Phillips.)  Have  not  a  considerable  portion  of  those 
lands  been  taken  up  by  French  Canadians  in  recent  years  ? — A.  Yes; 
they  have.  One  other  point  I  wish  to  convey  to  the  commission  is  that 
the  lands  in  themselves  are  not  worn  out;  they  are  in  no  worse  con- 
dition. It  is  other  conditions,  and  not  the  actual  exhaustion  of  plant 
food,  by  which  they  are  aflPected. 

Q.  (By  Mr.  Clarke.)  Is  it  not  a  fact  that  the  products  of  agriculture 
in  the  manufacturing  sections  of  New  England  are  worth  more  to-day 
than  they  ever  were  before? — A.  Do  you  mean  of  wheat  and  grain 
and  fruit? 

Q.  I  mean  all  crops  grown  by  farmers,  including  of  course,  truck 
fanning. — A.  Well,  I  should  say  not,  so  far  as  the  general  farming 
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goes.  Special  industries  are  exceedingly  important  in  the  New  Eng- 
land States,  and  I  had  aimed  to  spealt:  of  that  fact  in  my  suggestions 
for  the  amelioiTition  of  the  conditions. 

Q.  Instead  of  manufacturing  having  the  effect  of  depopulating  the 
farms  and  of  rendering  agriculture  unpopular,  is  it  not  true  that 
manufacturing  affords  so  good  a  market  to  the  farmer  near  his  faim 
that  by  changing  his  agriculture  somewhat  he  finds  it  more  profitable 
than  ever  before? — A.  Have  you  not  really  given  the  key  to  the  whole 
situation,  namely,  that  they  have  not  changed  their  method;  they  have 
persisted — farmers  are  a  conservative  class — in  attempting  to  compete 
with  the  West,  when  they  should  have  specialized  and  have  met  the 
changed  conditions  that  have  confronted  them? 

Q.  My  observation,  as  a  New  England  man,  reared  upon  a  Vermont 
farm  and  an  annual  visitor  to  that  State,  and  somewhat  familiar  with 
conditions  in  Massachusetts,  where  more  manufacturing  is  carried  on, 
is  the  reverse  of  that,  and  it  is  that  they  do  conform  to  existing  con- 
ditions and  are  making  more  money  than  they  ever  made  before. 
Now,  if  I  am  wrong  about  that  1  hope  that  you  or  somebody  else  in 
the  Department  of  Agriculture  can  enlighten  the  country  on  that  sub- 
ject.    A  few  years  ago  a  Professor  Perry,  of  Williams  College,  made 
the  statement  that  one-third  of  the  farm  lands  from  the  summit  of  the 
Green  Mountains  in  Vermont  eastward  to  the  Connecticut  River  had 
been  abandoned.     I  contradicted  it  at  the  time  from  personal  knowl- 
edge.    That  is  one  of  the  most  favorable  regions  in  this  country. 
There  is  scarcely  an  abandoned  farm  to  be  found  there,  and  agricul- 
ture near  that  region,  while  it  has  undergone  some  changes,  is  more 
profitable  than  ever  before,  and  I  would  like  to  know  why  it  is.     As 
you  say,  the  soils  continue  to  be  fertile  and  productive,  and  the  mar- 
kets have  improved,  and  transportation  facilities  have  improved;  why 
is  it,  then,  that  the  people  will  persist  in  claiming  that  there  is  a  large 
abandonment  of  profitable  agriculture  in  that  region  of  the  country  ? 
I  undertake  to  say  that  it  is  not  true,  but  that  the  exact  reverae  is 
true. 

Q.  (By  Mr.  Phillips.)  Is  it  or  is  it  not  the  fact  that  the  price  of 
lands  both  in  New  England  and  the  Central  States,  Pennsylvania,  New 
York,  and  Ohio,  are  not  nearly  as  valuable  and  would  not  bring  as 
much  per  acre  to-day  as  they  would  twenty-five  or  thirty  years  ago, 
or  even  before  the  war? — A.  Generally,  the  land  values  have  fallen, 
but  in  specific  cases  they  have  risen  or  have  maintained  their  level. 
And  in  many  cases  in  the  New  England  States  it  is  unquestionable 
that  very  important  industries  have  been  created  there,  notably  the 
tobacco  interests  of  the  Connecticut  Valley,  which  we  have  lately  had 
under  consideration,  the  area  of  which  we  have  recently  mapped;  also 
the  truck  interests  along  the  Sound,  around  Providence,  around  Bos- 
ton, are  very  important,  and  the  fruit  interests  of  the  Lower  Connecti- 
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cut  Valley,  particularly  the  peaches^  have  all  been  exceedingly  profit- 
able, and  I  hope  I  did  not  convey  the  impression  that  I  believed  mirself 
that  there  was  any  such  general  abandonment  of  lands  as  has  been 
frequently  stated  in  the  press,  because  I  think  myself  that  there  are 
many  industries  in  the  New  England  States  now  that  are  very  impor- 
tant. It  is  certainly  our  most  important  tobacco  section — ^the  most 
important  for  wrapper  tobacco — the  finest  we  get  in  this  country. 

Q.  Is  it  not  a  fact  that  throughout  New  England  when  a  fiarm  has 
been  abandoned  as  a  home  it  has  been  annexed  to  some  neighboring 
farm  and  still  carried  on  as  a  farm  I  Is  not  that  almost  universally 
the  case? — A.  I  would  not  say  universal,  but  it  is  generall3'  the  case; 
yes.  There  can  be  no  question,  however,  that,  particularly  in  the  last 
ten  years,  twelve  years,  there  has  been  a  period  in  New  England  in 
which  agriculture  has  been  at  a  low  stage,  and  that  there  have  been 
many  abandoned  tracts,  and  many  people  who  have  moved  away.  I 
have  tried  to  show  that  these  conditions  are  due  to  causes  other  than 
the  poverty  of  the  soil,  which  I  do  not  believe  in  at  all,  and  that  there 
is  no  reason  why  they  should  not  build  up  the  industry  of  that  country 
and  make  it  as  profitable  as,  and  far  more  profitable  by  adjusting  it  to 
these  new  conditions,  than  it  ever  was. 

Q.  Now,  I  would  like  your  estimate  of  the  proportion,  the  relative 
importance  of  the  causes  which  you  have  named  which  have  con- 
tributed to  this  soil  abandonment.  Is  it  not,  in  your  opinion^  mainly 
due  to  the  competition  of  the  more  fertile  lands  of  the  West — ^that  is, 
the  more  easily  tilled  lands? — A.  I  should  give  that  as  the  first  cause, 
and  I  should  give  as  the  second  cause,  the  increase  in  the  factories, 
and  the  demoralizing  eflfect  of  the  factory  life  and  of  the  factory  wages 
upon  the  farm  people.  There  is  a  demoralization;  it  is  more  a  panic 
than  anything  else;  they  have  not  the  mature  sense  of  perspective,  the 
vision  of  what  can  be.  accomplished  if  they  take  new  opportunities 
which  have  come  to  them.  It  is  common  through  our  Eastern  States. 
It  is  a  restless  feeling  that  their  old  conditions  have  been  changed^  and 
a  lack  of  that  business  planning  and  management  that  will  enable  them 
to  fit  their  agriculture  to  new  conditions. 

Q.  Do  you  think  that  the  young  men  leave  the  farms  in  New  Eng- 
land for  the  factories? — A.  I  think  so. 

Q.  Have  you  any  information  on  that  subject? — A.  I  speak  from 
my  experience  in  New  England.  I  lived  in  New  England  for  many 
summers  when  I  was  a  youth,  and  I  have  frequently  visited  there,  as 
it  is  the  home  of  my  father.  I  spent  two  years  at  the  Connecticat 
experiment  station  when  these  matters  were  under  consideration,  and 
have  also  done  work  since  in  the  Connecticut  Valley  and  in  the  truck 
areas  of  Boston  and  Providence. 

Q.  It  may  be  true  so  far  as  the  machine  shops  are  concerned,  and  a 
few  other  skilled  manufacturing  industries.     Is  not  the  reverse  true 
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SO  far  as  the  textile  industries  are  concerned? — A.  I  should  say  that 
there  is  a' general  feeling  among  the  farm  boys  in  New  England  that 
they  want  the  higher  education.  They  want  to  get  into  and  take  up 
the  professions.  There  is  a  great  ambition  on  the  part  of  the  young 
men  to  go  to  an  institute  and  to  get  into  electrical  works  at  the  present 
time,  because  the  young  fellows  that  they  may  have  been  acquainted 
-with  are  now  getting  high  wages;  and  there  is  a  desire  among  the 
young  people  of  New  England,  so  far  as  I  have  seen,  to  get  into  these 
commercial  and  industrial  lines  rather  than  remain  on  the  farms, 
except  where  they  are  situated  in  communities  in  which  special  crops 
and  special  agricultural  interests  are  being  developed. 

Q.  Is  it  your  opinion,  then,  that  the  system  of  education  in  New 
[England  is  defective — that  it  tends  to  work  against  the  best  interests 
of  agriculture? — A.  That  is  a  very  difficult  question  to  answer.     It  is 
a  notable  thing  that  few  of  the  young  men  who  go  to  the  colleges  for 
their  so-called  higher  education  attempt  in  any  wa}-  to  fit  themselves 
for  the  farm,  and  a  very  striking  case  of  that  is  found  in  the  small 
number  of  students  who  have  attended  the  agricultural  courses  at  Yale 
University,  which  has  had  a  permanent  endowment  for  the  purpose  of 
agricultural  education,  and  who  have  gone  out  from  there  as  farmer 
boys.     Harvard  Univei-sity  maintains  an  agricultural  school  and  a  sci- 
entific or  technical  school,  but  there  is  by  far  a  greater  attendance  at 
the  technical  school,  as  there  is  at  the  classical  college,  than  there  is  at 
the  agricultural  courses.     This  is  a  question,  of  course,  of  the  effect  of 
education  on  farm  life,  which  is  widespread;  it  is  found  in  all  schools 
of  the  country.     My  own  belief  is  that  the  education  we  are  giving 
our  boys  is  not  calculated  to  make  the  best  farmers,  and  that  we  are 
rather  leading  them  away  from  the  farm.     I  think  there  is  a  tendency 
the  other  way  now,  because  we  are  showing  that  there  are  possibilities 
in  agriculture  that  have  never  before  been  realized.     We  are  showing 
them  that  there  are  possibilities  of  making  money,  for  one  thing — of 
earning  salaries  that  are  commensurate  in  every  way  with  salaries  paid 
to  professional  men.     If  we  get  a  tobacco  expert  now  we  have  to  pay 
$8,000  or  $4,000.     Six  thousand  dollars  is  paid  to  some  of  the  managers 
of  tobacco  estates  in  the  South.     The  practical  growers  will  willingly 
pay  $3,000  or  $4,000  to  a  man  who  can  manage  their  estates  and  make 
them  productive;  and  the  same  may  be  said  in  other  lines  of  agricul- 
ture.    In  fruit  and  in  dairy  interests  they  think  little  now  of  paying 
$4,000  to  $6,000  for  experts  in  different  lines — men  who  can  make  them 
successful.     These  possibilities  now  are  opening  up  to  young  men,  and 
they  see  opportunities  for  remunerative  work.     We  have  recently  tried 
to  get  tobacco  experts  in  the  Department  of  Agpriculture,  and  it  has 
been  necessary  for  us  to  pay  $4,000  to  get  a  man  who  is  qualified  for 
the  work.     The  Secretary  has  been  desirous  of  having  men  trained, 
and  I  have  presented  the  matter  to  several  young  men,  and  they  have 
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agreed  to  come  at  low  salaries,  $40  a  month — ^young  men  from  coUegie^ 
and  they  are  going  to  put  themselves  under  the  direction  of  thi^ 
tobacco  expert.  They  are  going  into  the  tobacco  sheds  and  are  going 
to  learn  how  to  handle  the  tobacco,  and  after  they  have  acquired  t 
pmctical  knowledge  they  are  going  to  have  some  training  in  our  lab- 
oratories in  the  principles  underlying  the  handling  and  manipulatioD 
of  tobacco.  The  Secretary  says,  ''Train  young  men  for  our  own  use." 
If  we  train  them  to  make  good  tobacco  experts  they  will  go  out  from 
us  at  salaries  of  $3,000,  $4,000,  and  $5,000,  just  as  we  have  lost  men 
we  have  already  trained.  It  is  the  training,  it  is  the  ability  of  these 
men  to  produce  products  wanted  now  in  this  highly  specialized  indus- 
try of  tobacco  that  counts. 

The  young  men  are  seeing  these  opportunities,  and  we  are  able  to 
get  them  now  readily.  They  are  readily  coming  to  the  Department 
because  they  acquire  in  our  work  an  intimate  knowledge  of  the  opera- 
tions on  the  farm,  of  the  judging  and  classification  of  soils,  of  the  treat- 
ment of  alkali  and  seepage  of  waters  and  underdiuinage,  and  of  the 
production  and  managemant  of  tobacco,  and  we  are  having  no  difficulty 
in  getting  men  who  have  been  trained  to  some  extent.  Men  are  leaving 
positions  in  which  they  were  getting  $1,000  or  $1,200  and  coming  to  us 
for  $40  a  month  for  the  experience  they  will  get  and  the  value  it  will  be 
to  them.  Some  of  our  young  men  have  had  oflfers  at  $2,500  or  $3,0(M) 
to  go  out  and  protect  some  of  these  Western  lands  f  i*om  alkali,  because 
they  know  how  to  handle  the  question.  We  have  shown  our  ability  to 
handle  these  questions,  which  are  of  so  much  importance  to  the  people. 
There  is  one  case  which  I  wish  to  mention  later  of  a  sugar  factory  in 
California,  that  we  found  was  situated  on  a  delta  plain.  The  owners 
have  invested  something  like  $3,000,000  or  $4,000,000  in  this  plant,  an 
immense  sum,  but  their  lands  are  underlain  by  alkali  to  such  an  extent 
that  when  they  begin  to  irrigate,  as  they  are  planning  to  do  now,  there 
is  no  question  in  our  minds  that  they  will  lose  their  crops  and  their 
lands  also.  Two  factories  have  been  shut  up  within  the  last  two  or 
three  years  from  this  same  cause.  They  know  that  there  is  danger, 
and  they  offered  one  of  our  men  a  salary  of  $3,000  just  because  he 
knew  what  the  trouble  was  and  could  handle  that  matter  for  them. 

A  short  while  ago  Japan  took  one  of  our  tobacco  experts  f  roai  my 
own  Division  and  gave  him  $6,000  to  go  over  there  to  investigate  the 
possibilities  of  raising  and  manipulating  tobacco.  They  came  again 
for  another  of  our  tobacco  experts  and  offered  him  $5,000  to  go  over 
and  develop  the  interests  on  the  island  of  Formosa.  These  things  are 
having  an  effect  on  the  people.  They  are  seeing  the  possibilities  m 
these  special  industries,  and  in  my  opinion  the  young  men  are  turning 
more  to  the  farm  than  they  have  ever  done  before,  simply  because 
there  is  something  definite,  there  is  a  purpose,  and  they  are  willingly 
taking  positions  in  the  Department  of  Agriculture  and  the  experiment 
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stations,  because  they  are  getting  into  pi*actical  knowledge  of  tliese 
affairs.  They  are  acquiring  the  practical  methods  and  manipulations 
^which  give  them  control  of  these  agricultural  methods,  and  they  are 
finding  that  they  themselves  can  handle  these  industries  now  in  a  way 
in  which  they  (*an  make  good  monej',  or  can  get  positions  of  trust  and 
responsibility  at  salaries  commensurate  with  what  are  being  paid  in 
commercial  and  industrial  lines. 

Q.  (By  Mr.  Clarke.)  Are  many  of  these  branches  of  agricultural 
science  capable  of  being  taught  in  the  public  sc^hools,  say,  of  the  grade 
of  high  schools  and  grammar  schools? — A.  I  think  so;  and  yet  it  is 
rather  difficult  to  lay  out  a  course  or  suggest  lines  of  work  and  of 
teaching.     But  it  seems  to  me,  as  you  have  asked  me  my  opinion  on 
this  question  of  education,  that  we  want  more  agricultural  schools, 
and  we  want,  to  say  the  least,  no  more  agricultural  colleges.     That  is, 
w^e  want  the  schools  right  out  on  the  fai*m  lands  where  the  boys  work — 
^where  they  are  taught  to  care  for  products  and  for  crops.     When  I 
Tvant  a  tobacco  expert  I  can  not  go  to  the  agricultural  colleges  and  get 
a  3'^oung  man  who  has  any  knowledge  of  tobacco.     I  must  go  to  Florida 
or  I  must  go  to  Pennsylvania,  and  I  must  pick  up  an  otherwise  unedu- 
cated man,  and  yet  that  man  will  command  a  salary  of  $2,000,  $3,000, 
or  $4,000.     He  is  not  a  college-bred  man,  but  yet  he  is  familiar  with 
the  manipulation  and  the  details  of  that  work.     Now,  if  I  should  want 
to  educate  a  young  man  in  tobacco  lines,  to  be  a  tobacco  expert  or  to 
know  how  to  raise  tobacco  in  the  Connecticut  Valley,  for  example,  I 
would  take  him  and  send  him  right  to  Florida,  where  they  have  the 
highest  type  of  skill  and  industry  in  tobacco,  so  far  as  tobacco  is 
concerned,  of  any  place  in  this  country.     They  have  developed  the 
industry  along  really  scientific  lines  by  their  practical  men. 

Q.  Now,  most  of  the  high  schools  of  this  country,  even  in  the  agri- 
cultural regions,  have  a  curriculum  chiefly  devoted  to  preparation  for 
entering  classical  colleges.  Almost  nothing  is  taught  concerning  prac- 
tical farming  in  any  line.  Is  it  your  opinion  that  the  curriculum 
might  be  changed  to  the  advantage  of  the  farmer? — A.  I  think  in 
certain  cases  it  could  be,  and  we  would  be  extremely  desirous  of  seeing 
in  certain  centera  farming  schools  for  the  education  of  farming  boys. 
If  such  a  school  were  established  in  Lancaster  County,  Pa.,  under  the 
splendid  agricultural  conditions  prevailing  there;  if  the  boys  could  see 
the  methods  puraued  there;  if  they  could  go  out  and  actually  learn 
how  to  handle  stock,  how  to  handle  the  soil,  and  how  to  handle  the 
crops,  they  would  acquire  infonnation  in  this  individual  locality  that 
would  be  admirable  in  fitting  them  to  take  charge  of  estates  and  of 
farm  lands  of  their  own  in  other  localities. 

Q.  Boys  reared  upon  farms  become  familiar  with  practical  methods, 
but  what  opportunity  is  offered  to  them  in  the  neighboring  schools  to 
become  familiar  with  scientific  agriculture?  How  much  chemistry  are 
they  taught? — A.  Tbere  is  very  little. 
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Q.  What  do  they  know  about  soiling  crops  and  about  the  various 
plant  foods  and  animal  foods?  Is  any  of  that  information  taught  id 
any  of  the  high  schools  in  this  country  that  you  know  of? — A.  Very 
little  or  none  in  any  that  I  am  familiar  with,  even  in  the  agricultural 
districts. 

Q.  Then,  when  the  system  of  education  leaves  the  leading  industry 
of  a  region  to  the  work  of  ignorance  and  teaches  the  youth  something 
else,  are  they  not  rather  compelled  to  go  out,  and  are  not  their 
ambitions  led  out  into  other  pui*suits? — A.  Yes. 

Q.  (By  Mr.  Phillips.)  At  present  it  would  be  very  difficult  to  have 
teachers  qualified  in  these  various  rural  districts  to  teach  this.  They 
would  have  to  be  educated  for  that  purpose? — A.  It  seems  to  me, 
further,  that  when  these  schools  are  established  thev  do  not  seem  to 
be  satisfied  to  remain  schools;  they  so  quickly  aspire  to  the  dignity  of 
colleges,  and  from  colleges  to  the  dignity  of  universities.  Abroad  it 
is  much  more  frequent  to  see  real  agricultural  schools,  a  sort  of  pri- 
mary school  in  agriculture,  or  high  school  in  agriculture,  where  the 
school  is  situated  in  a  farming  district  and  the  methods  and  thoughUr 
are  all  upon  farming  lines.  You  take  a  young  man  and  put  him  under 
those  conditions  and  he  is  likelv  to  be  much  more  contented  to  follow 
in  the  pursuits  of  farming  than  if  you  put  him  into  a  univei'sity  like 
Yale  University  where  the  fanning  course,  the  agricultural  course,  ii^ 
looked  down  upon  by  all  other  students.  Under  such  conditions  the 
young  men  are  not  generally  satisfied  to  take  a  course  which  is  popu- 
larly supposed  to  be  an  easy  one  and  one  which  does  not  maintain  the 
rigorous  training  that  the  classical  and  mathematical  lines  are  s-up- 
posed  to  possess. 

Q.  Perhaps  we  have  diverted  you  most  too  long.  This  is  very 
interesting. — A.  I  wish  I  had  prepared  myself  a  little  more  on  this 
line.  I  did  not  think  of  this  coming  into  the  discussion.  It  is  a  mat- 
ter that  I  have  often  thought  of,  because  I  was  professor  of  agriculture 
in  South  Carolina  and  always  realized  that  1  was  not  doing  my  duty, 
as  it  seemed  to  me,  in  the  training  of  my  men,  partly  because  there  is 
no  course  in  agriculture  for  a  professor  to  take  up — he  has  to  make 
one  himself — and,  secondly,  the  opportunities  are  not  presented,  it 
seems  to  me,  to  train  people  with  the  particular  knowledge  that  is 
required  in  any  line  of  agriculture. 

I  think  that  in  the  New  England  States,  perhaps  even  more  than  in 
the  Southern  States,  that  restless  desire  for  material  advancement  and 
the  higher  education  has  been  felt  because  of  the  more  thickly^  settled 
condition  and  other  natural  conditions  which  have  already  been 
referred  to.  Another  contributing  cause  to  the  tendency  in  the  New 
England  States  has  been  the  demoralizing  effect  of  the  summer 
boarders.  It  seems  to  me  there  is  no  question  that,  while  their 
presence  has  been  a  benefit  to  the  New  England  States  in  the  main,  it 
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has  had  a  demoralizing  effect  upon  the  agriculture  of  the  i*egion. 
Furthermore,  the  severe  climate  of  New  England  has  been  against  the 
development  in  some  cases,  and  it  has  had  some  effect  upon  the  devel- 
opment of  the  agricultural  resources  of  the  area. 

It  seems  to  me  perfectly  evident  that  the  conditions  which  have  con- 
tributed in  any  marked  way  to  the  depreciation  of  land  values  in  New 
England  have  been,  first,  the  development  of  the  West  and  the  lower 
prices  for  farm  products  through  the  development  of  the  transporta- 
tion systems,  and  the  increase  in  the  number  of  factories,  in  the  rest- 
less desire  of  all  of  our  people  to  a  certain  extent  to  leave  the  quiet 
and  laborious  life  of  the  farm  and  enter  the  busv,  hurried  world  of 
commercial  and  industrial  activities.  It  is  quite  evident  to  me,  how- 
ever, that  the  future  for  the  New  England  States,  as  for  our  Southern 
States,  is  in  the  line  of  specialization.  They  are  close  to  the  markets; 
they  are  peculiarly  fitted,  as  they  have  already  shown,  for  certain 
special  industries;  and  the  line  of  future  development  must  be  in  that 
direction.  They  must  give  up  all  thought  of  competition  with  the 
general  farm  crops  and  must  look  forward  to  the  building  up  of  cer- 
tain industries  which  their  position,  their  locality,  and  their  conditions 
specificall)^  make  possible  to  be  carried  on. 

The  one  case  of  the  Sumatra  tobacco,  that  we  succeeded  in  growing 
last  year  in  the  Connecticut  Valley,  that  brought  71  cents  a  pound 
when  the  ordinaiy  crop  is  giHJwn  for  20  cents  a  pound,  was  a  result  of 
soil-survey  work,  in  which  we  thought  that  the  conditions  were  favor- 
able on  a  ceiiain  soil  in  the  Connecticut  Valley  for  the  production  of 
this  tobacco  under  certain  conditions  which  we  brought  about,  and  the 
result  has  been  successful.  So  far  as  we  know,  there  is  no  other  area 
besides  Florida  and  the  Connecticut  Valle}^  and  only  certain  soils  in 
the  Connecticut  Vallev,  where  this  industry  can  be  pursued;  and  it  is 
unquestionable  in  my  mind  that  this  industry  can  be  built  up,  and  that 
there  is  a  possibility  of  producing  $6,000,000  worth  of  tobacco  which 
we  now  import  from  the  island  of  Sumatra  every  year. 

I  should  also  mention  that  the  truck  interests  and  the  greenhouse 
interests  around  Boston  are  very  great.  They  are  enormous  industries, 
and  large  amounts  of  money  are  invested  in  them  and  large  profits 
maintained. 

Maryland  and  Virginia, — I  come  now  to  the  cause  of  the  deteriora- 
tion and  abandonment  of  lands  in  Maryland  and  Virginia. 

The  exhaustion  of  the  soils,  of  which  we  have  heard  so  much  in 
Maryland,  Virginia,  and  the  Southern  States,  is  due,  unquestionably, 
to  improper  and  injudicious  methods  of  cultivation  and  cropping. 
This  will  be  referred  to  more  at  length,  under  the  head  of  fertilizer, 
when  we  come  to  speak  of  remedial  measures.  It  is  also  due  to  the 
decrease  in  value  of  farm  crops,  due  in  turn  to  the  cheaper  production 
in  the  West  and  to  the  reduced  cost  of  transportation,  as  has  been 
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referred  to  in  the  case  of  the  New  England  States;  also  to  the  increase 
and  the  development  of  special  industries  in  other  localities — ^f  or  exam- 
ple, in  the  production  of  the  White  Burley  tobacco  in  Ohio,  whidi 
yields  more  per  acre,  is  grown  at  a  less  cost  per  pound,  and  can  be  aoM 
at  a  cheaper  price  than  the  Maryland  leaf,  and  has  largely  taken  the 
place  of  the  Maryland  leaf  in  the  foreign  markets,  particularly  in 
the  French  and  Belgians  markets.  Furthermoi-e,  the  changes  in  the 
social  conditions  due  to  the  civ^il  war  and  the  mortgages  which  are 
still  outstanding  against  the  lands  have  been  a  contributing  cau2$e  to 
the  abandonment  or  to  the  deterioration  of  many  of  these  areas.  It  has 
been  found  possible  in  many  portions  of  Maryland,  with  the  prevailing 
crops  and  methods  of  cultivation,  to  obtain  a  fair  interest  on  the  labor 
and  expense  of  cultivation,  but  it  has  been  impossible  to  obtain  a  living 
from  the  land  if  at  the  same  time  the  interest  on  mortgages,  which 
have  been  running  since  the  war,  has  had  to  be  met.  And  I  know  of 
once  prosperous  communities  in  southern  Maryland  where  they  could 
still  be  successful,  where  they  could  produce  sufficient  to  maintain 
families  without  stint  and  with  a  fair  degree  of  comfort,  but  where 
nearly  all  the  farms  are  mortgaged  as  an  inheritance  of  30  years  ago, 
and  it  is  impossible  to  support  the  families  and  to  pay  off  the  mort- 
gages at  the  same  time.  Areas  now  are  being  abandoned  from  that 
cause  throughout  Maryland  and  the  South. 

One  of  the  most  important  causes  of  deterioitition,  however,  and  I 
think  I  should  put  this  fii*st  of  all,  is  the  method  and  system  of  agri- 
culture that  prevails  throughout  these  States.  The  Division  of  Soils 
made  a  careful  soil  survey  with  soil  maps  of  two  of  the  counties  of 
southern  Maryland  this  yeat — St.  Mary  County  and  Calvert  County — 
and  of  Lancaster  Count}^,  Pa. ;  and  the  study  of  the  conditions  which 
have  prevailed  and  the  methods,  particularl}'^,  which  have  been  used  in 
these  two  areas  has  been  a  matter  of  considerable  interest  to  me.  In 
the  first  place,  I  would  state  that  the  soils  of  southern  Maryland  are 
in  no  way  exhausted  in  the  sense  that  that  term  is  generally  used — 
that  is,  a  chemical  analysis  shows  that  they  have  sufficient  plant  food 
for  innumerable  crops  and  that  there  is  apparently  no  lack  of  plant 
food  in  the  soil.  Unquestionably  the  soil  has  been  abused,  the  meth- 
ods of  cultivation  and  of  cropping  have  been  injudiciously  selected, 
and  the  soils  are  not  now  as  productive  as  they  should  be.  There  is 
one  area  in  particular  of  a  certain  soil  with  a  heavy  subsoil  in  St.  Mary 
County,  probably  about  40  per  cent  of  the  area  of  the  county,  tiiat  is, 
in  my  opinion,  as  valuable  in  its  way,  and  in  much  the  same  way,  as 
the  limestone  soil  of  Pennsylvania.  This  soil  in  St.  Mary  County 
sells  for  from  $1  to  $8  per  acre  in  forest,  as  it  usually  is,  or  for  about 
$10  per  acre  where  it  is  under  cultivation,  while  the  soils  in  Lancaster 
County  sell  now  at  from  $125  to  $250  an  acre. 

Q.  (By  Mr.  Philups.)  That  is  chiefly  for  tobacco,  is  it? — A.  Yes: 
chiefly  for  tobacco.     It  is  fit  for  general  crops,  but  tobacco  is  grown  in 
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places.     But  on  the  soil  in  St.  Mary  County  there  have  been  several 
good  farms  that  have  been  well  kept  up.     The  Maryland  farmer  grows 
on  soils  in  good  condition  from  15  to  20  bushels  of  wheat;  he  grows 
clover;  he  grows  tobacco,  and  he  gets  from  6  to  10  cents  a  pound  for 
the  tobacco.     The  Pennsylvania  farmei*  grows  from  26  to  36  bushels 
of  wheat;  he  grows  clover  and  grass,  as  in  Maryland,  under  good 
treatment;  and  he  grows  tobacco,  for  which  he  gets  from  6  to  10  cents 
a    pound  also.     He  gets  the  same  price,  but  a  larger  yield.     It  is 
heavier  tgbacco.     Now,  from   consideration   of  the  crops  that  are 
obtained  from  this  southern  Maryland  area,  and  of  the  staple  crops 
and  of  the  yields  and  values  obtained  from  the  soils  of  Lancaster 
County,  Pa.,  it  seems  to  me  evident  that  the  soils  of  southern  Mary- 
land ought  to  have  a  relatively  higher  value;  and  the  reason  why  they 
have  not  is  largely,  in  my  opinion,  because  of  the  social  conditions 
and  the  methods  of  farming.     If  you  go  into  the  home  of  a  Lancaster 
County  farmer  and  sit  down  to  dinner  with  him,  he  has  an  abundance 
of   food  in  great  variety.     Everything,  the  chances  are,  has  been 
^own  upon  his  own  farm.     The  meat  has  been  raised  by  himself,  the 
vegetables  have  been  grown  in  his  garden  or  in  his  fields,  the  pre- 
serves, or  whatever  they  may  have  for  their  dessert,  have  been  made 
b3^  their  families  from  the  products  of  their  garden.     Even  the  sugar, 
the  chances  are,  has  been  produced  on  the  place,  and  actually  nothing 
but  the  tea,  coiffee,  salt,  and  pepper  have  been  purchased  that  goes  to 
make  up  the  family  meal.     The  families  as  a  rule  are  large.     They 
have  a  good  many  children.     The  boys  and  girls  are  all  brought  up  to 
work  on  the  farm.     It  is  the  rarest  thing  that  any  of  them  leave  the 
community  or  leave  the  faim.     They  stay  there  and  they  many.     It 
is  a  common  thing  for  them  to  settle  on  a  portion  of  the  farm  or  on 
some  neighboring  farm.      The  farms  are  small,  and  labor  is  all  done 
by  the  owner  and  his  family.     The  girls  are  all  brought  up  to  look 
after  the  house.     There  is  no  expense  for  servants.     Thay  have  their 
garden  and  their  fruit.     They  put  up  their  preserves  and  their  apple 
butter,  and  such  things  for  their  winter  use.     We  find  that  very  few 
products  are  sold  from  Lancaster  County;  very  few  things  are  sent 
out  of  the  county  except  tobacco  and  stock.     And  they  not  only  feed 
up  all  their  corn  and  hay  that  they  grow  to  the  stock,  but  they  import 
it  often  from  other  States  and  from  other  countries,  so  that  they  can 
raise  more  stock  and  make  more  beef  and  mutton.     Most  of  the  prod- 
ucts of  the  farm,  including  the  wheat,  which  is  ground  up  for  flour  in 
adjoining  mills,  are  used  on  the  farm  or  manufactured  there  into  some 
sort  of  product  that  is  sold  or  is  used  up  in  the  district.     There  are 
manufactures  and  industries  which  require  to  be  kept  up  in  the  large 
city  of  Lancaster  and  many  smaller  towns,  in  which  there  is  a  ready 
market  for  everything  that  is  produced  in  the  county,  and  the  inter- 
esting thing  is  that  this  supply  and  demand  is  nearly  equal,  so  that 
very  little  is  sent  out  of  the  county  and  very  little  is  brought  in.     The 
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result  is  that  it  is  a  liappy  and  contented  and  prosperous  commiuiity. 
The  lands  have  been  handed  down  from  generation  to  generation  far 
ages  and  people  seldom  think  of  leaving  the  place.  They  are  a  con: 
tented  and  happy  and  prosperous  people. 

In  Maryland  the  methods  are  altogether  different.  In  the  first  phce 
the  Maryland  farm  is  seldom  worked  by  the  man  who  owns  it.  There 
is  for  some  reason  an  unfortunate  prejudice  which  prevails  in  many 
localities,  at  any  rate  in  Maryland,  for  a  man  who  actually  goes  into 
the  field  and  works  his  land.  He  usually  has  an  overseer,  a  man  who 
is  paid  to  look  after  and  direct  his  interests  instead  of  doing  this  him- 
self. Frequently  he  has  not  even  so  much  control  over  his  interests, 
and  lets  his  land  out  to  a  tenant  farmer  who  farms  it  in  his  own  way, 
by  his  own  methods  and  for  a  portion  of  the  crop,  and  occasionally  for 
a  money  consideration.  The  crops  grown  are  the  ordinary  sti^ 
crops  of  general  agriculture.  They  have  corn,  wheat,  and  tobacco. 
The  competition  from  the  West  and  the  low  prices  of  wheat  and  com 
make  them  scarcely  profitable.  The  competition  with  the  Ohio 
tobacco  and  the  general  specialization  which  has  taken  place  in  the 
tobacco  industry,  and  the  necessity  of  producing  something  that  is 
peculiarly  adapted  to  a  certain  market  or  to  a  certain  demand,  has 
lowered  the  price  of  the  Maiyland  tobacco.  Now,  after  the  Marykod 
farmer  has  raised  these  three  things  he  has  done,  as  he  thinks,  the  best 
he  can  and  he  has  nothing  further  to  consider  for  his  develoi«nent 
The  corn  is  fed  mainly  to  his  work  stock,  and  it  all  goe^  to  that  and 
his  own  labor.  The  wheat  is  sold  and  sent  off  the  farm  in  exchange 
for  flour,  which  he  buys  at  a  considerable  increase  in  cost  over  what  it 
would  have  cost  him  if  he  could  have  had  it  ground  in  his  own  neigh- 
borhood. The  tobacco,  of  course,  is  sold  and  goes  out  in  exchange  for 
productions  of  all  kinds  for  himself  and  his  family.  He  buys  his 
meat,  he  buys  his  groceries,  and  he  frequently  buys  the  vegetables 
that  he  should  have  raised  in  his  garden. 

There  is  no  comparison  with  the  cx)nditions  in  a  prosperous  com- 
munity like  Lancaster  County  and  the  improvident  methods  that  pre- 
vail in  some  of  our  Maryland  counties  and  Virginia  communities. 
There  is  no  comparison  whatever  in  the  economical  methods  that  are 
employed,  and  it  seems  to  me  that  one  of  the  most  important  contrib- 
uting causes  to  the  abandonment  and  impoverishment  of  the  lands  in 
Maryland  and  Virginia  and  of  many  of  the  Southern  States  is  due  to 
this  one  fact,  that  they  do  not  use  the  same  thrifty  methods  that  have 
marked  the  success  in  Lancaster  County  and  in  many  other  counties 
of  the  Northern  States. 

Professor  Whitney  (after  recess,  resuming).  At  the  time  of  the 
adjournment  or  recess  I  had  compared  the  methods  and  system  of 
agriculture  prevailing  in  the  southern  counties  of  Maryland  with  the 
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^stem  prevaOing  in  Lancaster  County,  Pa.,  and  had  drawn  some  sug- 
estions  as  to  the  cause  of  the  differences  in  the  land  values  in  the  two 
realities.  In  following  out  our  soil  investigation  and  the  mapping  of 
itnds,  we  find  the  same  limestone  soil  which  is  so  productive  and 
valuable  in  Pennsylvania  extending  down  to  the  Hagerstown  Valley 
►f  ^Maryland  and  down  through  the  Shenandoah  Valley  of  Virginia. 
rhey  have  the  same  character  of  soil,  essentially  the  same  climatic 
conditions,  and  yet  the  soils  of  the  valley  of  Virginia  are  selling  to- 
lay  at  from  $10  to  $20  an  acre — i^arely  more  than  $40  or  $50  an  acre — 
^hile  the  farm  prices  in  Lancaster  County  have  been  maintained  about 
where  they  were — about  as  high  as  they  ever  have  been — and  I  can  not 
say  that  this  is  due  to  any  cause  connected  with  the  soil,  but  conclude 
tJiat  it  is  due  almost  entirely  to  social  conditions,  to  the  respect  agricul- 
ture has  in  the  conununity,  to  the  thrifty  methods  employed  by  the 
people,  and  the  way  in  which  the  occupation  is  esteemed. 

DETERIORATION   OF  SOILS  OF  THE   SOUTHERN   STATES. 

Undoubtedly,  the  system  that  prevailed  for  so  many  years  in  the 
South  was  satisfactory  under  the  conditions  prevailing  some  years 
a^o,  but  certainly,  with  the  rapid  and  phenomenal  advance  and 
improvement  in  industrial  lines  and  in  the  improvement  of  trans- 
portation facilities,  the  old  methods  are  no  longer  applicable.  The 
trouble  in  this  case,  it  seems  to  me,  is  a  lack  of  business  method,  want 
of  appreciation  of  changed  conditions  and  of  business  perception  of 
opportunities  that  could  be  taken  up  and  made  productive. 

In  the  States  farther  south  than  Maryland  and  Virginia  there  have 
been  other  causes  which  have  operated  in  this  same  direction.     In  the 
first  place,  the  kind  of  crop  and  the  clean  cultivation  that  have  been 
given  to  the  cotton  crop  have  caused  a  tremendous  oxidation  and  loss 
of  the  organic  matter,  and  the  soil  is  left  relatively  poor  in  these 
organic  substances  that  are  necessary  for  the  normal  weathering  of 
the  soil  material  and  the  preparation  of  the  plant  food  into  a  form 
that  is  readily  available  to  plants.     It  has  also  caused  in  many  areas 
the  erosion  and  washing  of  lands  that  has  proved  destructive  to  very 
considerable  areas  in  the  Southern  States.     There  is  one  condition 
which  has  also  prevailed  against  the  competition  with  the  South  in 
certain  lines  of  general  agriculture — that  is,  the  unfavorable  climatic 
conditions  for  grain  crops.     The  normal  yield  of  grain  in  the  South 
is  about  one-third  of  what  it  is  in  the  Northern  States.     This  is  due 
to  the  fact,  so  far  as  we  can  see,  that  the  greater  humidity  and  larger 
rainfall  are  bringing  about  conditions  favoring  extensive  leaf  develop- 
ment rather  than  the  production  of  grain.     In  the  Northern  States 
the  cold,  frosty  nights  are  liable  to  occur  about  the  time  the  plant  has 
obtained  its  full  development,  and  this  condition  favors  the  produc- 
tion of  fruit,  as  is  well  known  in  all  life  functions.     Where  there  is 
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danger  of  the  destruction  of  the  plant  it  tends  to  repi-oduce  itself  is 
the  formation  of  seed.  In  the  Southern  States,  with  the  more  equable 
climate,  with  the  higher  temperature,  higher  rainfall,  and  geuenJIj 
higher  humidity,  there  is  a  persistent  effort  to  the  production  of  Tefe> 
table  growth  and  a  distinctly  less  chance  of  the  production  of  gnun 
and  seeds.  While  this  is  natural,  it  is  by  no  means  necessary^  for  ^ 
largest  yield  of  com  on  record  is  from  South  Carolina,  where  then 
was  an  abundant  growth — abundant  vegetative  growth — which  was 
checked  by  methods  of  cultivation  at  the  proper  time — that  is,  the 
tendency  to  vegetative  growth  being  checked,  the  plant  produced 
seed  in  proportion  to  the  vegetative  growth,  and  the  yield  was  pbe- 
nomenal;  and  it  has  seemed  to  me  at  times  as  though  by  a  change  io 
the  method  of  cultivation — ^by  some  mechanical  checking  of  ibe 
growth — ^that  the  vegetative  growth  could  be  checked  and  the  yieW 
could  be  largely  increased.  However  that  may  be,  ♦he  fact  remains 
that  the  climatic  conditions  in  the  South  have  never  been  favorable  to 
a  large  yield  of  grain. 

I  have  presented  to  the  commission  now  the  principal  causes  that 
operate  in  the  exhaustion  and  abandonment  of  soils.  These  seven/ 
lines,  of  course,  operate  in  different  proportions  in  different  parts  of 
the  country.  In  nearly  all  localities  one  or  more  of  the  causes  that  I 
have  mentioned  have  opei*ated  at  the  same  time  to  produce  the  deteri- 
oration, if  not  the  abandonment,  of  soils. 

METHODS  FOB  BBCLAKATION. 

I  come  now  to  the  conditions  of  reclamation  and  certain  recommen- 
dations that  it  seems  desirable  to  make. 

Q.  (By  Mr.  Phillips.)  Before  proceeding  with  that  I  should  like  to 
bring  up  a  question  which  has  been  touched  upon.  You  said  in  the  early 
part  of  your  testimony  that  in  England  the  soils  had  not  deteriorated; 
that  the  growers  raised  about  the  same  amount  on  the  land  in  the  last 
twenty  years  as  they  had  for  forty  or  fifty  years — about  15  bushels.  Is 
there  anything  in  the  climate  favoring  England  in  this  respect  ?  Would 
the  climate  in  Virginia  and  Pennsylvania  have  the  same  power  or  force! 
Is  it  on  account  of  the  damp,  or  are  the  climatic  conditions  there  differ- 
ent from  ours? — A.  Yes;  the  climatic  conditions  have  a  great  deal  to 
do  with  it. 

Q.  Then  you  would  not,  therefore,  claim  that  15  bushels  oould  lie 
raised  on  good  wheat  land  in  Pennsylvania,  as  is  the  case  in  England  I— 
A.  No;  but  what  I  say  is  that  under  given  climatic  conditions  and 
with  a  given  soil,  a  soil  even  without  fertilizer,  there  would  be  a  cer- 
tain grain  yield  that  would  be  maintained  for  a  good  many  years; 
indefinitely,  so  far  as  we  know.  It  might  be  5  bushels  to  the  acre  or  it 
might  be  10,  or  it  might  be  15.  It  happens  to  be  that  under  the  con- 
ditions in  England  in  this  one  experiment  it  was  12  bushels. 
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Q.  I  know  of  farms  that  have  become  quite  poor  on  the  hills  because 
of  the  water.  England  being  more  level,  perhaps  the  conditions  would 
fce  more  favorable? — A.  In  this  experiment  that  I  cite,  yes;  it  was 
<;onducted  on  a  level  tract. 

FERTILIZATION. 

Q.   Pardon  the  interruption  and  proceed. — A.  The  first  method  that 
I  ^11  speak  of  in  the  reclamation  of  lands,  although  in  my  opinion  not 
the  most  important,  is  the  subject  of  fertilization.     The  primary  object 
of  fertilization  is  the  improvement  or  adaptation  of  soils  to  the  culti- 
vation of  any  desired  crop  or  crops.     As  I  have  shown,  all  soils  have 
a  natural  fertility  which  can  probably  be  maintained  under  any  condi- 
tion of  cultivation  for  an  indefinite  number  of  years.     Very  frequently 
this  natural  fertility  is  so  low  that  it  is  unprofitable  to  raise  a  particu- 
lar crop,  as  so  little  is  obtained  from  the  soil  that  it  does  not  pay  for 
the  attention  given  to  it.     Frequently,  also,  on  a  very  rich  soil  the  aim 
is  to  force  the  crop,  and  we  call  it  intensive  cultivation — that  is,  we 
may  have  a  soil  which  will  produce  a  large  crop,  and  yet  we  want  to 
force  it  to  produce  all  it  can.     It  is  like  the  fattening  of  stock.     We 
can  produce  a  fairly  good  animal  on  our  ranges,  but  if  we  take  an 
animal  and  feed  it  up  with  concentrated  food  mixed  in  the  proper 
proportions  for  a  good  diet  we  can  put  fat  and  flesh  on  it  which  will 
make  it  far  more  profitable  than  if  we  had  depended  upon  the  natural 
food  of  the  locality.     It-  is  so  with  soils.     We  can  unquestionably 
force  the  fertility  far  beyond  the  natural  limit  and  far  beyond  the 
ordinary  limits  of  crop  production.     This  we  see  particularly  in  the 
truck  crops,  where  the  poor,  barren  sands  are  highly  fertilized  and 
where  large  crops  are  grown  from  what  would  naturally  be  considered 
a  poor  soil.     In  this  sense  the  effect  of  fertilization  is  a  simple  addition 
of  plant  food  to  the  soil  in  such  form  that  the  crops  can  immediately 
use  it.     But  fertilizers  have  another  effect,  that  of  increasing  the 
decomposition  of  the  soil  particles  themselves — that  is,  the  mere  addi- 
tion of  fertilizers  of  different  kinds  may  increase  the  weathering  power, 
and  the  soil  itself  will  disintegrate  and  decompose  under  their  influence 
faster  than  it  would  without  their  application. 

The  specific  objects  of  fertilizing  are  to  obtain  an  improvement  in 
the  texture  of  the  soil — that  is,  frequently  a  wet  refractory  clay  can 
be  made  more  pliable,  more  easily  handled;  di*ainage  is  improved. 
Frequently  also  loose  soil  may  be  made  more  compact  and  more  reten- 
tive of  moisture.  At  times  also  the  influence  of  the  fertilizers  is  felt 
more  in  balancing  up  the  ratio.  We  have  in  Maryland  and  Pennsyl- 
vania small  areas  of  lands  that  are  derived  from  the  disintegration  of 
serpentine  rocks  that  carry  a  large  proportion  of  magnesia;  and  it  has 
been  found  that  where  the  amount  of  magnesia  is  in  excess  of  the 
amount  of  lime  plants  rarely  do  well  and  frequently  are  an  entire 
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failure.  In  such  case  the  application  of  lime  simply  to  reverse  the 
ratio  and  make  lime  a  predominating  ingredient  in  the  soil  will  restore 
the  fertility  of  the  land.  Very  frequently  also,  and  probably  more 
often  even  than  we  now  suppose,  soil  is  acid.  It  has  been  found  thai 
the  soils  of  Rhode  Island  are  very  generally  acid,  and  the  additioa  of 
lime  simply  to  neutralize  this  acidity  will  promote  the  fertility  of  the 
land  in  a  very  remarkable  degree.  This  same  cause  of  acidity  of  the 
soil  is  found  now  to  be  much  more  prevalent  than  we  have  heretofore 
supposed  to  be  the  case.  The  fertilizers  that  ai*e  commonly  available 
are  farm  products — that  is,  stable  manures  and  green  manures,  which 
are  used  to  a  very  considerable  extent  and  are  both  exceeding^  impor- 
tant in  the  list  of  fertilizing  materials.  Then  we  have  the  commercial 
products,  such  as  guano,  ground  bone,  potash,  and  then  the  mineral 
fertilizers  other  than  lime,  and  then  lime,  marls,  and  gypsum.  It  will 
hardly  be  necessary  for  me  to  go  into  the  question  of  the  fertilizer 
laws.  As  the  commission  knows,  most  of  the  Eastern  States  have 
rather  stringent  laws  about  the  inspection  and  sale  of  fertilizers;  and 
this  subject  has  been  taken  up  by  the  Department  of  Agriculture  with 
the  idea  of  having  a  more  uniform  system  of  laws,  if  possible,  and 
with  some  idea  of  having  national  laws  for  the  interstate  commerce 
and  tirade.  I  am  not  at  all  sure  how  far  this  has  gone,  and  I  therefore 
do  not  feel  competent  to  speak  upon  it. 

Another  series  of  fertilizing  agents  is  found  in  the  bacteria  and 
other  ferments.  This  newly  discovered  nitrogen  is  really  a  pure 
culture  of  bacteria,  which  have,,  by  reason  of  their  activities  in  the 
soil,  rendered  available  the  plant  food — that  is,  they  increase  the  weath- 
ering of  the  rocks  and  also  add  to  some  extent  (we  do  not  know  how 
much)  nitrogen  from  the  air,  converting  it  into  some  form  in  which  it 
can  be  used  by  the  plants. 

ROTATION   OP  CBOPS. 

Still  another  method  which  I  would  call  to  your  attention  by  which 
reclamation  of  these  waste  lands  can  be  realized  is  in  the  rotation  of 
crops.  There  is  no  question  whatever  but  that  in  general  a  rotation 
or  a  change  in  the  crops  grown  on  soils  is  of  value  in  preventing  undue 
waste  and  undue  extraction  of  certain  elements  of  plant  food  and  the 
undue  tendency  for  cultivation  in  a  particular  way,  and  unquestiona- 
bly where  intelligent  rotation  of  crops  can  be  inaugurated  it  is  one  of 
the  most  desirable  things  to  do.  There  are  instances,  however,  in 
which  the  same  crop  has  been  grown  on  the  same  land  for  many  years 
without  any  apparent  deleterious  effect.  On  the  eastern  side  of  the 
Connecticut  River,  near  Hartford,  they  have  grown  the  broad-leaf 
tobacco  continuously  for  25  years  on  the  same  land,  and  they  claim 
that  the  quality  of  the  tobacco  as  well  as  the  yield  is  as  fine  as  it  was 
at  the  beginning — even  better. 

Q.  Is  that  done  without  fertilizing?— A.  No;  that  is  with  fertilizing. 
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Q.  (By  Mr.  Farquhar.)  Why  is  it  that  the  tobacco  soils  of  Vir- 
ginia here  are  almost  worthless  to-day  for  i-aising  anything? — A.  The 
Let;erioration  of  the  tobacco  lands  of  Virginia  is  due  more  to  the  gen- 
eral  methods  of  cultivation,  which  have  not  looked  forward  to  the 
maintenance  of  the  fertility  of  the  land  or  to  the  proper  physical  cOn- 
litions.     You  will  find  it  almost  universally  believed  in  Maryland  and 
Vii^nia  that  tobacco  is  a  very  exhausting  crop  and  has  ruined  their 
soils.     On  the  contrary,  if  you  go  to  Ohio,  or  Kentucky,  or  Pennsyl- 
vania, or  Connecticut,  you  will  find  that  it  is  the  one  crop  which  they 
value  as  a  renovator  for  their  soil.     This  is,  in  my  opinion,  due  to  the 
fact  that  they  take  so  much  care  of  their  tobacco  lands.     They  culti- 
vate them  so  carefully,  so  perfectly,  and  so  thoroughly;  they  fertilize 
ttieni  so  heavily  in  order  to  maintain  a  good  yield  and  a  good  quality, 
that  the  land  has  actually  improved  in  spite  of  the   relatively  large 
amount  of  plant  food  removed  by  the  crop.     I  think  unquestionably  it 
is  a  matter  of  culture  rather  than  of  any  other  one  factor.     If  the  Vir- 
^nia  farmers  took  as  good  care  of  their  land  as  they  do  in  other  local- 
ities there  would  be  no  suggestion  of  deterioration  of  their  soils. 
But  the\'  plant  tobacco  with  little  or  no  fertilizer,  or  manure,  usually 
w^ithout  much  organic  matter.     They  give  the  land  a  clean  cultivation 
and  leave  it  exposed  for  a  considerable  portion  of  the  year;  and  the 
consequence  is  that  it  is  not  maintained  in  that  vigorous  condition  in 
which  these  necessary  changes  go  on  as  they  should,  and  the  soil  is 
said  to  be  worn  out.     It  is  not  the  loss  of  plant  food;  it  is  a  change  in 
the  physical  and  chemical  condition  of  the  soil  brought  about  by  indif- 
ferent methods  of  cultivation. 

specialization  of  crops. 

One  of  the  most  important  methods  for  the  reclamation  of  aban- 
doned and  exhausted  lands  is  in  the  specialization  of  crops.  By  this  I 
do  not  mean  the  exclusive  growing  of  one  crop  without  regard  to  all 
other  conditions,  but  I  do  mean  the  adaptation  of  the  particular  crop 
or  crops  that  the  land  is  best  suited  to,  and  specialization  in  that  par- 
ticular industry.  I  shall  cite  in.  support  of  this  position  the  truck 
industry,  which  has  reclaimed  vast  areas  of  lands  in  the  Atlantic  States. 
Twenty-five  or  thirty  years  ago  the  sandy  soils  along  the  Atlantic  coast 
were  worth  about  $1  or  $1.50  an  acre.  1  remember  myself  well  when 
they  were  worth  no  more  than  this.  By  the  introduction  of  the  truck 
crops — that  is,  the  growing  of  vegetables  for  our  early  markets — those 
lands  have  risen  in  value  until  now  they  are  the  most  valuable  soils  in 
those  States,  selling  anywhere  from  $50  to  $500  an  acre,  according  to 
their  location  with  regard  to  the  water,  freedom  from  frost,  and  in 
regard  to  the  markets  and  transportation  facilities. 

Q.  (By  Mr.  Phillips.)  You  do  not  mean  in  the  primitive  state,  but 
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that  under  a  state  of  cultivation  they  are  worth  that  amount?— A. 
Yes;  I  mean  that  the  same  land  that  was  worth  $1  an  acre  is  now  woitii 
$100. 

Q.  By  reason  of  cultivation,  and  not  in  the  natural  state?— A. 
In  the  natui*al  state.  Any  soil  that  is  suitably  located  for  truck  fann- 
ing, especially  near  the  water,  and  where  there  is  a  freedom  from  frost 
and  where  the  transportation  facilities  are  adequate,  is  worth  that  in 
its  natural  state. 

I  should  also  state  a  similar  fact  as  to  the  case  of  the  pineapple  indus- 
try in  Florida.  There  is  a  narrow  strip  of  sand  along  the  coast  in  the 
southern  part  of  the  peninsula  of  Florida  that  was  formerly  compan- 
tively  worthless.  It  is  simply  beach  sand  thrown  up  by  the  tide  in 
former  times,  and  is  in  a  ridge  about  15  or  20  feet  high.  It  is  white, 
like  glass  sand,  and  to  the  Northern  farmer  would  be  just  as  barren 
and  unpromising  as  anything  could  be.  By  the  introduction  of  pine- 
apples these  lands  have  been  redeemed,  and  a  very  fine  variety  of  pine- 
apple can  be  grown  upon  them.  They  are  worth  now  anywhere  from 
$200  to  Jl,000  an  acre,  according  as  to  whether  they  are  set  in  pine- 
apples or  whether  they  are  wild  lands.  Even  the  wild  lands,  covered 
with  the  native  jungle,  will  sell  now  for  from  $100  to  f 300  an  acre 
when  favorabl}'  located.  I  know  of  no  more  striking  illustration  of 
the  possibility  of  specialization  in  the  reclamation  of  waste  and  aban- 
doned lands  than  this  instance  of  the  pineapple  industry  of  Florida. 

Q.  Are  they  fertilized  ? — A.  Fertilized  very  heavih\  The  sand  is 
used  simply  as  a  medium  apparently  for  the  fertilizers  that  are  put  on. 
They  would  be  of  no  value  for  geneitil  crop,  but  are  of  exceptional 
value  for  this  one  crop,  because  there  is  no  other  soil  which  can  com- 
pare with  them  in  the  possibilities  of  growing  pineapples  of  the  supe- 
rior quality  that  is  grown  on  them. 

Q.  That  strip  is  in  the  southern  portion  of  the  State,  is  it  not; 
below  Palm  Beach? — A.  Just  above  Palm  Beach.  It  begins  about 
there.     It  extends  from  Jensen  down  to  Palm  Beach. 

I  would  also  cite  the  case  of  the  bright-tobacco  industry  in  the  South. 
Many  areas  that  were  formerly  of  little  value  and  considered  very 
unproductive  have  been  developed  by  the  introduction  of  that  indus- 
try and  are  now  worth  more  than  they  were  formerly,  and  are  the 
most  productive  and  valuable  lands  in  that  section.  In  this  case^  also, 
it  is  a  special  adaptation  of  a  particular  kind  of  cix>p  to  a  particular 
soil.  The  bright  tobacco  can  not  be  grown  successfully  on  all  soils. 
It  is  confined  to  certain  soils  with  certain  peculiarities,  and  they  hap- 
pen frequently  to  be  conditions  which  are  unfavorable  for  the  general 
agricultuml  crops,  fortunately. 

I  would  cite  another  instance  of  the  cultivation  of  tobacco  in  the 
Connecticut  Valle3\  On  the  light,  sandy  soils  a  fine  grade  of  wrapper 
leaf  is  produced  which  can  not  be  grown  on  the  tobacco  lauds  of 
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Pennsylvania  or  of  Maryland.  It  is  confined  to  that  one  locality  of 
the  Connecticut  Valley  and  the  Housatonic  Valley,  and  is  a  special 
industn^  that  seems  to  be  adapted  to  that  place.  The  introduction  in 
1865  of  the  Sumatra  tobacco  from  the  island  of  Sumatra  has  had  an 
effect  upon  the  tobacco  industry  of  the  Connecticut  Valle3\  The  fine 
texture  and  fine  veins  and  the  working  qualities  of  this  Sumatra  tobacco 
have  been  so  appreciated  by  the  cigar  manufacturers  that  it  has  been 
imported  in  increasing  amounts  ever  since  in  spite  of  the  revenue  duty 
of  91.85  per  pound  on  all  that  is  brought  into  this  country.  In  other 
words,  the  cigar  manufacturers  prefer  paying  $2.50  or  $3  a  pound  for 
Sumatra  tobacco  to  paying  18  cents  or  20  cents  for  the  Connecticut 
leaf,  although,  as  far  as  quality  goes,  the  Connecticut  leaf  is  pre- 
ferred by  many.  Now,  it  has  seemed  to  me  that  the  industry  in  the 
Connecticut  Valley  was  threatened.  The  trade  wants  this  Sumatra 
type  of  tobacco,  and  have  been  giving  but  a  low  price  for  the  Con- 
necticut leaf.  One  dollar  a  pound  is  paid  for  the  Sumatra  and  $1.85 
a  pound  is  paid  as  duty  upon  it.  We  take  only  the  best  that  the}^ 
have,  and  there  is  more  and  more  a  feeling  against-  the  use  of  the 
domestic  leaf. 

Realizing  this  condition  and  the  necessity  of  successfully  competing 
with  the  Sumatra  tobacco,  the  Department  of  Agriculture  two  or  three 
years  ago  looked  around  for  the  possibility  of  raising  a  Sumatra  tobacco 
in  this  country  which  would  prevent  the  importation  of  such  large 
quantities  from  that  island,  and  we  decided  to  try  a  particular  soil  in 
the  Connecticut  Valley. 

Last  year  we  procured  some  Sumatra  seed  and  planted  it  under  a 
shed.  This  shed  was  erected  at  a  height  of  about  9  feet,  and  was  covered 
with  cheese  cloth  so  as  to  partially  protect  the  plants  from  the  sun  and 
maintain  a  very  quiet  and  humid  air.  The  tobacco  was  grown  and 
cured  by  the  methods  used  in  Florida  and  in  Sumatra  and  Cuba — a 
combination  of  the  different  methods — and  it  was  pronounced  by  experts 
in  New  York  and  Philadelphia  to  be  fully  equal  to  the  Sumatra  leaf 
that  is  imported.  We  confidently  expect  to  be  able  to  establish  an 
industry  in  the  Connecticut  Valley  upon  certain  soils  adapted  to  this 
very  fine  leaf,  in  which  we  hope  to  be  able  to  successfully  compete 
with  the  Sumatra  tobacco,  which  we  import  to  the  extent  of  $6,000,000 
a  year  in  addition  to  the  duties. 

Q.  Could  it  be  profitably  produced  by  covering  the  ground  with 
canvas  as  you  describe? — A.  Yes;  the  profits  are  good. 

Q.  Could  it  be  produced  without  the  covering? — A.  No;  that  is 
necessary  in  order  to  change  the  climatic  conditions  to  get  the  par- 
ticular growth  that  we  want.  Even  with  the  expense  of  $500  an  acre, 
which  we  estimate  for  the  first  cost,  the  profits  are  likely  to  be  large. 
We  estimate  this  year  $1,400  worth  of  tobacco  from  our  experimental 
crop  of  one-third  of  an  acre. 
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Q.  Have  you  sought  any  lands  in  the  South  where  the  climatic  con- 
ditions would  be  somewhat  similar  to  those  of  Sumatra  without  the 
canvas? — A.  Yes;  some  Sumatra  leaf  is  being  grown  in  Florida,  and 
the  growers  are  getting  large  yields.  Their  finest  wrappers  are  bring- 
ing from  $2  to  li^  a  pound. 

Q.  They  raise  it,  then,  without  canvas? — A.  No;  with  canvas  there 
also.  The  climatic  conditions  during  the  growing  season  are  not  very 
different  in  Connecticut  and  in  Florida.  It  is  the  same  hot,  tropical 
weather. 

Q.  (By  Mr.  Clarke.)  Is  that  cheese  cloth  strong  enough  to  pro- 
tect the  leaves  from  hail? — A.  There  is  no  ill  effect  from  hail,  except 
possibly  an  exceptional  stoim.  There  is  no  injury  from  wind  or  from 
in.sects  or  worms  of  any  kind.  The  protection  is  carried  all  the  way 
down  the  sides.  There  is  a  gate  with  an  opening  for  men  and  teams. 
It  is  entirely  covered  with  canvas,  and  it  is  a  perfect  protection  against 
all  extraneous  conditions. 

Q.  (By  Mr.  Phillips.)  It  would  be  liable  to  destruction .  by  storm, 
would  it  not? — A.  In  a  very  severe  storm  such  as  they  had  two  or 
three  years  ago  in  Florida,  where  one  of  those  Gulf  towns  wa« 
destroyed  by  the  floods  that  came  up,  they  were  destroyed  to  a  con- 
sidei-able  extent;  but  ours  in  the  Connecticut  Valley  last  year  with- 
stood the  most  severe  storms.     Any  ordinary  storm  has  no  effect  on  it. 

Q.  (By  Mr.  Clarke.)  Can  you  give  the  expense  of  constructing  and 
maintaining  these  canvas  coverings? — A.  The  first  cost  is  between 
$200  and  $500  an  acre.  That  seems  rather  a  wide  margin,  but  it 
depends  on  the  cost  of  the  lumber.  In  the  South,  where  they  have 
the  sawmills  right  on  the  place  and  where  lumber  is  cheap,  it  costs 
about  $200  an  acre  for  the  shed.  In  the  North  it  will  not  exceed  $500 
an  acre,  and  the  shed  will  last  about  five  years.  The  cheese  cloth  will 
cost  about  $100  an  acre,  and  has  to  be  renewed  each  year. 

Q.  (By  Mr.  Piiillii*s.)  Is  it  taken  down  in  the  winter  season? — A. 
The  cheese  cloth  is  hardly  worth  preserving. 

Q.  (By  Mr.  Clarke.)  Are  those  coverings  for  each  row  or  are  they 
broad  enough  to  cover  several  rows? — A.  The  covering  goes  entirely 
over  the  field.  It  is  9  feet  high,  so  that  horse  cultivation  is  carried  oo 
under  the  shed  just  as  it  would  be  in  the  open  air.  It  may  be  a  10- 
acre  field  or  it  may  be  a  30-acre  field,  but  the  entire  field  is  covered. 

Q.  Like  a  great  greenhouse,  then? — A.  It  has  the  effect  of  a  great 
greenhouse.  The  sunlight  and  the  sun  heat  is  very  much  reduced  and 
modified,  and  the  air  is  a  stagnant  and  moist  air,  humid,  because  there 
is  no  wind  to  carry  off  the  moisture  or  change  the  air.  The  condi- 
tions there  are  really  tropical.  The  plants  keep  on  growing,  and  in 
the  Connecticut  Valley  they  went  right  up  to  the  top  of  the  roof;  that 
is,  they  were  9  feet  high. 

Q.  (By  Mr.  Kennedy.)  What  is  the  ordinary  height  of  tobaox) 
plants? — A.  Ordinarily,  about  4  feet. 
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Q.    (By  Mr.  Phillips.)  This  cheese  cloth  does  not  prevent  the  rain 
going-  through? — A.  No;  it  does  not  prevent  the  rain,  but  it  does  pre- 
vent evaporation,  and  it  conserves  the  moisture  so  that  the  crops  do 
not  suffer  as  much  from  drought  as  they  do  on  the  outside.     It  is  also 
a  protection  against  frost.     Indeed  a  covering  of  the  kind  described 
has   been  used  verj'^  successfully  in  the  cultivation  of  pineapples  in 
Florida  to  protect  them  against  frost.     It  seems  to  be  a  method  that 
is  coining  into  very  extensive  use  in  the  protection  of  crops  under 
intensive  farming.     In  the  production  of  truck  crops  it  is  getting  to 
be  used  extensively  to  protect  them  from  frost  and  to  maintain  humid 
conditions  and  protect  from  drought  on  the  sandy  soils. 

Q.  In  a  very  large  per  cent  of  these  the  flavor  is  due  to  the  direct 
rays  of  the  sun.  For  instance,  strawberries  would  not  be  market- 
able raised  under  such  conditions? — A.  No;  I  should  not  think  straw- 
berries would.  There  is  some  sunlight  under  the  cloth  covering,  but 
it  is  not  so  intense.  It  is  the  intense  sun  in  the  middle  of  the  day 
that  hurts  some  of  our  tender  vegetables,  unless  they  have  plenty  of 
moisture.  Covered,  they  have  the  sunlight,  but  it  is  diffused  and  not 
so  intense  as  it  is  outside. 

The  commission  is  well  aware  of  the  important  part  celery  has  played 
in  the  reclamation  of  many  areas  of  formerly  wet,  mucky  lands  in 
many  parts  of  the  country;  also  the  importance  of  the  fruit  industry 
in  the  reclamation  of  what  we  considered  woi*thless  or  abandoned 
lands. 

The  introduction  of  peach  culture  in  western  Maryland  has  created 
an  industry  there  on  some  of  the  soils  which  were  fonnerly  of  little 
or  no  value,  and  where  they  are  now  worth  an^^where  up  to  $1,000  an 
acre.  The  location-  and  the  character  of  the  soil  has  made  it  possible 
to  produce  ablate  peach  which  does  not  come  into  competition  with  the 
peaches  from  the  Ekstern  Shore  and  southern  Maryland,  and  which 
has  a  veiy  fine  color  and  a  splendid  flavor.  These  soils  are  of  no  value 
for  general  farm  purposes,  but  they  are  particularly  adapted  to  the 
production  of  peaches  which  ripen  late,  and  which  have  a  good  flavor 
and  a  bright  color. 

The  commission  is  also  aware  of  the  success  of  grapes  and  vineyard 
culture  on  gravelly  soils,  and  it  will  hardly  be  necessary  to  dilate  on 
the  importance  of  this  crop  as  a  means  of  reclaiming  such  areas.  The 
most  valued  soils  along  the  Rhine  are  frequenth^  so  destitute  of  soil 
covering  that  they  have  to  be  maintained  by  stonework,  and  on  these 
very  gravelly  soils  the  finest  varieties  of  grapes  have  been  produced. 
Over  a  large  class  of  soils,  particularly  in  rocky  and  stony  areas,  fruit 
trees  and  grapevines  have  been  found  a  most  important  means  of 
reclaiming  otherwise  worthless  lands. 

There  is  one  consideration,  of  course,  in  the  production  of  fruit 
which  must  always  be  considered,  and  that  is  the  possibility  of  mar- 
keting.   That  problem  has  been  solved  to  a  considerable  extent  by 
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the  possibilities  of  marketing  the  fruit  in  a  dried  or  canned  condition, 
and  the  exportation  of  dried  fruit  is  to-day  a  matter  of  the  greatest 
importance,  and  ene  that  is  increasing  in  magnitude,  especially  on  the 
Pacific  coast,  where  large  and  increasing  quantities  of  fruit  are  being 
consigned  to  China  and  Japan. 

REFORESTATION,  PROTECTION    FROM  FIRES,  ETC. 

Another  important  means  for  the  reclamation  of  poor  or  abandoned 
lands  is  in  reforestation  and  protection  from  fires  and  a  more  rational 
method  of  cutting  the  timber.  This  is  a  subject  which  is  being 
investigated  in  the  Department  of  Agriculture,  where  we  have  our 
Division  of  Forestiy  concerning  itself  with  this  one  problem;  and  it 
is  one  of  the  important  problems  applicable  to  areas  in  which  there 
seems  at  present  to  be  no  other  means  of  improving  the  land. 

THRIFTY   BUSINESS  METHODS. 

The  question  of  thrifty  methods  and  efficiency  of  labor  is  one  that 
is  very  hard  to  deal  with.  I  can  not  understand  how,  by  education  or 
by  legislation  or  in  any  other  way,  thrifty  methods  can  be  introduced 
into  certain  areas  that  are  at  present  of  little  value  simply  because 
the  methods  are  not  good.  Under  present  conditions,  I  do  not  think 
that  any  education  would  make  farming  in  southern  Maiyland  attract- 
ive to  a  3'oung  man.  It  would  be  discouraging,  no  matter  what  kind 
of  education  he  had,  for  him  to  go  back  and  live  under  the  conditions 
that  prevail  there  at  the  present  time.  The  social  conditions  are  such 
that  he  can  not  work  with  his  own  hands,  and  he  does  not  have  the 
intelligent  or  efficient  labor  to  organize  and  carry  out  his  ideas.  He 
is  confronted  from  the  start  with  conditions  that  are  almost  hopeless 
for  the  introduction  of  new  methods  and  of  new  crops  on  a  scale  com- 
mensui-ate  with  the  importance  of  the  work  and  the  facilities  at  his 
command. 

Q.  Is  the  negro  population  very  numerous  in  southern  Maryland? — 
A.  It  is  quite  large.  It  is  the  principal  but  not  the  only  labor,  and 
not  nearly  so  large  as  it  is  farther  south.  In  my  opinion  the  impor- 
tance of  reclaiming  large  areas  of  lands  is  indicated  by  the  necessity  of 
more  thrifty  methods  and  more  businesslike  plans  than  they  have  at 
the  present  time  in  the  selection  of  industries  and  in  the  cultivation  of 
crops. 

Another  very  necessary  means  to  the  reclamation  of  lands  is  busi- 
ness methods  and  organization  in  the  marketing  of  cix>ps.  The  success 
of  the  truck  industry  in  Norfolk  is  largely  due  to  the  splendid  organi- 
zation and  to  the  metms  by  which  the  truck  farmers  place  their  crops 
in  certain  markets,  according  as  the  demand  may  be  greater  in  one  or 
the  other.  This  is  an  essential  thing  in  truck  farming,  because  the 
vegetables  can  not  be  held  over,  but  must  be  marketed  or  sold  as  soon 
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they  reach  maturity,  and  they  have  to  be  sold  for  what  they  will 
The  organization  of  growers  gets  regular  daily  returns  of  the 
Ecuurket  conditions  in  different  cities,  and  they  are  able  to  divide  their 
oxx>p8  and  to  send  a  certain  portion  to  this  market  or  to  that,  accord- 
io£^  as  they  think  the  conditions  will  stand.  It  seems  to  me  that  this 
organization  and  the  introduction  of  these  business  methods  are  the 
most  important  factors  in  the  reclamation  of  abandoned  areas  and  the 
iatroduction  of  new  crops. 

IKRIGATION. 

The  conmiission  is  of  course  quite  well  aware  of  the  method  of 
irrigation  which  ha8  been  so  important  in  the  reclamation  of  ceitain 
&reas  in  the  West.  Unfortunately,  about  all  of  the  available  water 
has  been  already  appropriated  and  is  nearly  all  in  use. 

Q.  (By  Mr.  Kennedy.)  Is  that  true?  Governor  Steunenberg,  of 
Idaho,  told  me  a  week  ago  last  Sunday  that  the  possibilities  of  the 
Snake  River  for  irrigation  puiposes  wei'e  wonderful,  saying  they  had 
not  begun  to  use  the  water  of  the  stream  up  to  its  full  capacity. — A. 
That  is  so  in  certain  cases.  It  is  so  in  the  case  of  the  Yellowstone 
River  also.  But  nearly  all  of  the  water  in  California  and  in  Wash- 
ington and  in  certain  poitions  of  Arizona  and  in  the  Pecos  Valley  in 
New  Mexico  is  now  used  to  its  fullest  extent.  There  are  other  areas 
in  Montana  and  in  Idaho  and  in  Wyoming  where  there  is  still  some 
available  water,  but  as  a  general  statement  it  may  be  said  that  the 
available  waters  are  already  appropriated  and  in  use,  except,  as  I  was 
going  to  say,  such  as  may  be  added  by  the  construction  of  reservoirs 
for  the  storage  of  waste  waters. 

Q.  (By  Mr.  Phillips.)  There  are  very  large  possibilities  in  that 
regard,  are  there  not? — A.  Yes;  it  is  estimated  that  about  74,000,000 
acres  can  be  irrigated  by  the  construction  of  reservoirs. 

Q.  (Bj-  Representative  Bell.)  What  are  the  possibilities  of  the  irri- 
gated soil?— A.  They  are  very  great  for  special  crops,  but  they  are 
not  so  very  great  for  our  general  crops.  For  instance,  it  no  longer 
pays  to  irrigate  wheat.  The  principal  crops  are  the  fruit  crops  of  all 
kinds,  and  alfalfa  for  stock  feeding,  and  special  industries  of  that 
kind.     With  these  special  industries  the  possibilities  are  enormous. 

The  average  cost  of  placing  land  under  irrigation,  as  shown  by  the 
last  census,  was  $12. 12  per  acre,  and  the  annual  cost  thereafter  of 
maintaining  the  water  was  $1.07  per  acre  of  the  public  lands.  Newell 
estimates  that  74,000,000  acres  are  capable  of  being  irrigated.  The 
cost  of  the  opening  of  this  area,  taking  the  average  of  previous 
experiments,  would  be  $897,000,000.  But  as  the  methods  of  applying 
the  water  to  the  land  heretofore  have  been  the  simplest  possible,  the 
cost  per  acre  has  been  much  less  than  the  cost  will  be  in  the  new  areas 
that  are  to  be  taken  up,  where  the  water  must  be  stored  and  carried 
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over  long  distances.  For  the  storage  of  water  under  the  most  favor- 
able conditions  in  Arizona  Mr.  Lippincott  estimates  the  cost  at  $4.90 
per  acre-foot,  and  as  at  least  5  acre-feet  of  it  must  be  stored  for  each 
acre  in  order  to  provide  for  two  or  three  seasons  of  low  water,  the  cost 
would  be  about  $21.50  per  acre.  I  would  call  your  attention  to  the 
basis  of  this  calculation.  It  assiunes  that  ail  of  the  land  that  could  be 
watered  by  the  storage  reservoir  shall  be  actuall}^  taken  up  and  pat 
under  water.  If  only  half  of  that  area  is  taken  up,  the  cost  would  be 
twice  as  great  per  acre;  if  only  a  quarter,  it  would  be  four  times  as 
great,  and  so  on.  So  this  cost  that  is  given  in  the  estimates  of  the 
irrigation  engineers  is  the  cost  provided  all  the  land  possible  should 
be  taken  up  and  put  under  water  and  the  rate  per  acre  was  paid  in  to 
the  canal  company. 

Q.  What  would  be  the  value  of  this  land  after  it  was  put  under 
water? — A.  It  would  be  from  $60  to  $100  an  acre. 

Q.  (By  Mr.  Phillips.)  Notwithstanding  the  cost  of  maintaining  the 
water  afterwards? — A.  Yes. 

Q.  (By  Mr.  Kennedy.)  In  what  localities? — A.  Through  the  arid 
regions.  This  example  was  in  Arizona.  Lands  in  Utah  are  worth 
from  $60  to  $100  an  acre;  and,  set  out  in  good  varieties  of  fruit  orchards, 
anywhere  up  to  $1,000  an  acre.  In  southern  California  lands  are  worth 
generally  from  $50  to  $100  an  acre,  but  many  of  their  orchards  are 
worth  from  $1,000  to  $2,000  an  acre. 

Q.  (By  Mr.  Phillips.)  That  would  be  when  they  were  fruit  bear- 
ing?— A.  Fruit  bearing,  yes;  in  fine  varieties  of  fniit  The  difficul- 
ties in  the  way  of  the  extension  of  irrigation  by  the  construction  of 
storage  reservoii's  are  the  alkali  and  the  silt  in  the  water.  There  is  no 
question  that  the  amount  of  alkali  in  the  water  is  a  very  serious  factor 
in  many  localities.  In  the  Pecos  Valley  it  has  been  found  that  the 
alkali  increases  in  amount  as  they  go  down  the  vallej'  to  such  an  extent 
that  in  the  lower  part  of  the  valley  the  water  is  entirely  unfit  for  crops. 
In  the  storage  reservoir  in  which  water  is  stored  above  the  town  of 
Carlsbad  the  evapomtion  is  so  great  that  the  salts  become  concentrated 
in  the  water,  and  at  the  end  of  a  long  dry  season  the  water  is  too  salty 
to  be  applied  safely  to  the  land.  This  region,  by  the  way,  has  the 
highest  evaporation  of  any  place  in  the  United  States — ^approximately 
so.  Considerable  trouble  has  been  experienced  also  and  losses  have 
been  encountered  by  the  storage  of  alkali  watere  in  California,  par- 
ticularly^ in  southern  California. 

Q.  Is  that  water  obtained  in  the  hills  and  mountains  or  from  the 
rivers?  Do  you  not  get  pure  water  from  the  mountain  streams? — A. 
Yes;  and  the  water  in  Utah  is  very  pure  because  there  are  short  rivers 
that  come  right  down  from  the  snow-clad  mountains  and  deliver  pure 
water;  but  in  the  Pecos  Vallev  the  water  travels  200  or  300  miles  f i-om 
the  mountains  and  gathers  up  these  salts  as  it  goes  along.     The  Pecos 
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River  is  entirely  taken  up  about  6  miles  above  the  town  of  Carlsbad, 
and  6  miles  below  the  reservoir  the  stream  has  about  the  same  flow 
that  it  has  above  the  reservoir.  Frequently  out  in  the  Western  lands 
the  water  is  entirely  used  up  before  it  gets  down  the  whole  course  of 
the  river,  going  out  in  seepage  and  flowing  again  into  the  river  after 
it  has  been  applied  to  the  land.  By  the  time  it  gets  down  to  its  mouth 
the  water  is  pretty  salty. 

There  is  another  difficulty  in  the  storage  of  water  in  reservoirs  that 
is  particularly  troublesome  in  some  areas  in  the  West;  that  is,  the 
amount  of  silt  carried  by  the  waters.  In  our  work  in  Arizona,  where 
the  waters  ai-e  very  heavily  laden  with  silt,  we  found  a  soil  that  has 
been  recognized  as  a  distinct  type,  which  is  undoubtedly  a  sediment 
left  by  the  irrigation  of  some  prehistoric  race.  The  old  canal  systems 
are  there  and  the  old  irrigation  works  and  the  remains  of  the  houses, 
indicating  that  irrigation  was  carried  on  in  some  prehistoric  time,  and 
the  evidences  show  that  this  is  simply  a  deposit  of  sediment  or  mud 
from  the  rivers.  The  amount  of  sediment  is  so  great  that  the  people 
now  have  great  difficulty  in  maintaining  their  canals.  They  have 
already  dug  it  out  and  piled  it  up  as  far  as  they  can  throw  it,  and  it  is 
a  serious  question  now  what  they  are  going  to  do  with  the  canals  in 
certain  areas  of  the  Salt  River  Valley  in  order  to  keep  them  open.  It 
is  veiy  generally  believed  that  reservoirs  will  quickly  fill  up  with  the 
silt  in  such  districts  as  that  unless  special  precautions  are  taken  to  keep 
them  open;  and  that  is  an  engineering  feature  that  has  not  yet  been 
satisfactorily  solved.  In  other  localities  there  is  no  trouble  with  this 
silt,  as  the  waters  do  not  carry  any  great  amount.  Even  if  we  get 
water  that  is  free  from  silt  and  an  absence  of  salt,  there  is  the  further 
danger  of  seepage  waters  and  the  accumulation  of  alkali  in  the  soils, 
as  I  have  already  stated. 

Q.  This  accumulation  of  alkali  is  only  in  arid  countries?  There  is 
no  alkali  to  speak  of  in  the  Appalachian  Range,  is  there? — A.  No; 
because  the  drainage  is  so  great.  So  much  rainfall  comes  down  that 
it  is  carried  off.  The  alkali  is  the  natural  weathering  of  the  rocks, 
resulting  from  their  disintegration. 

Q.  Peculiar  to  arid  regions? — A.  Yes;  although  we  have  it  here  in 
the  ELast  occasionally.  The  mineml  springs  that  we  have  are  due  to 
nothing  more  nor  less  than  the  ^decomposition  of  the  rocks,  and  the 
same  cause  accounts  for  the  alkali  in  the  Western  States.  It  is  the 
weathering  of  the  rocks  being  carried  off  by  the  water.  In  the  West 
these  decomposed  rocks  accumulate  in  the  soil  and  stay  there.  Our 
iron  springs  and  our  alum  springs  and  mineitil  springs  generally  are 
the  products  of  the  weathering  of  the  rock  being  carried  off  b}^  the 
water.  But  we  get  no  such  accumulations  here  as  they  get  in  the 
West,  simply  because  we  have  40  inches  of  rainfall  here,  20  inches  of 
which  goes  down  through  the  ground  and  is  carried  off  in  the  rivers. 
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Out  there  we  have  a  very  small  rainfall,  only  about  5  per  cent  of  which 
ever  goes  oflf,  and  then  usually  over  the  surface  of  the  ground. 

In  the  consideration  of  irrigation  as  a  means  for  the  reclamation  of 
lands,  I  would  call  the  attention  of  the  commission  to  the  necessity  of 
uniform  State  laws  and  the  possibilities  of  national  legislation.  There 
are  certain  phases  of  this  subject  which  will  undoubtedly  have  to  be 
taken  up  by  the  National  Congress,  particularly  with  interstate  streams 
and  where  the  streams  form  the  boundaries  of  adjoining  States.  But 
as  the  Department  of  Agriculture  has  a  distinct  division  for  the  study 
of  irrigation  and  its  laws  and  methods^  it  would  hardly  be  advisable 
for  me  to  go  into  it  at  any  great  length.  My  own  connection  with  the 
matter,  however^  in  our  study  of  the  soils  and  of  the  seepage  waters 
and  alkali  has  convinced. me  that  it  will  be  necessary  to  use  more  care 
in  the  application  of  water,  not  only  conserving  it  for  use  elsewhere, 
but  to  protect  from  the  injurious  effects  of  overirrigation  and  the 
accumulation  of  seepage  water  and  of  alkali.  ,1  think  it  is  safe  to  say 
that  in  nearly  all  the  irrigated  districts  twice  as  much  land  could  be 
irrigated  with  the  water  that  is  now  used,  with  actual  benefit  to  the 
soil,  provided  it  was  intelligently  applied. 

I  would  also  refer  again  to  the  matter  that  I  spoke  of  a  while  ago; 
that  is,  the  necessity  of  legislation  in  the  case  o{  soils  damaged  by  the 
accumulation  of  seepage  water  and  of  alkali  from  leaky  ditches  and 
from  overirrigation  on  neighboring  farms.  It  seems  to  me  that  a 
remedy  of  some  kind  must  be  worked  out.  It  hai*dly  seems  fair  or 
just  that  a  person  owning  a  piece  of  land  which  he  has  planted  and 
cared  for  and  upon  which  he  uses  the  most  careful  and  most  intelligent 
means,  should  be  allowed  to  be  injured  b}'  a  seepage  from  a  canal  or 
from  the  careless  methods  employed  on  a  neighboring  farm.  It  seems 
to  me  that  either  through  State  or  national  legislation  recourse  should 
be  given  for  the  recovery  of  damages  in  civil  suits. 

DRAINAGE. 

The  next  method  to  which  I  would  call  your  attention  for  the 
reclamation  of  lands  is  the  subject  of  drainage.  There  are  many  areas 
of  swamp  lands  and  still  larger  areas  of  cold,  wet  cla3's  in  the  United 
States  that  are  unproductive  or  have  been  abandoned  from  a  small 
accumulation  of  water  which  needs  to  be  removed  by  artificial  means. 
It  is  claimed  that  one-fifth  of  the  State  of  Michigan  is  swamp  lands. 
The  report  of  the  Illinois  board  of  agriculture  for  1894  states  that 
during  1893 — that  is,  in  one  year — there  was  laid  in  the  State  of 
Illinois  alone  26,985,000  feet  of  tile  drains.  Of  this,  18,810,000  feet 
were  laid  in  the  northern  part  of  the  State,  8,607,000  feet  in  the 
central  part,  and  the  remainder  in  the  southern  part.  In  the  north 
there  were  28  feet  of  tile  to  each  acre  cultivated.  In  the  central  part 
there  were  29  feet  of  tile  for  each  acre  cultivated,  and  in  the  soutliem 
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pail  1  foot  of  tile  for  each  acre  cultivated.  In  Douglas  County  there 
were  85  fe^t  of  tile  for  every  acre  of  cultivated  land,  and  in  Livingston 
Ck>unty  78  feet  to  each  acre.  In  the  eastern  part  of  Livingston  County 
is  "found  the  Vermilion  Swamp.  Aa  late  as  1880  lands  could  be  pur- 
chased there  for  $3  to  $5  per  acre;  the  same  lands,  which  have  since 
been  drained,  are  now  valued  at  from  $60  to  $90  per  acre  for  general 
farm  purposes.  As  a  result  of  this  widespread  system  of  drainage  as 
practiced  in  Illinois  and  in  Michigan,  the  swamp  lands  have  become 
the  most  productive,  the  healthf ulness  of  the  vicinity  has  been  much 
improved,  and  the  public  roads  have  been  kept  in  much  better  repair. 
Xhe  drainage  laws  of  Illinois,  and  in  fact  of  most  of  the  States  where 
drainage  is  pittcticed  to  a  considerable  extent,  are  very  complete  and 
deal  with  all  phases  of  the  question,  from  the  rights  and  liabilities  of 
the  drainage  commissioners  of  the  district  down  to  the  minute  details 
which  concern  the  individual.  It  seems  to  me  that  this  question  of 
drainage  legislation  is  one  of  the  important  questions,  at  least  for  the 
Western  country. 

Q.  What  State  has  the  best  laws  as  to  drainage? — A.  My  opinion 
is  that  Illinois  has  the  most  complete;  Illinois,  Michigan,  Ohio,  Wis- 
consin, Minnesota,  and  New  York. 

As  a  result  of  our  soil  investigations  in  the  Salt  Lake  Valley  last 
year,  we  found  that  it  would  be  quite  possible  to  reclaim  the  large 
ti-act  of  salt  land  west  of  Salt  Lake  City,  and  perhaps  that  this  should 
be  done  by  the  people;  but  it  was  apparent  in  the  first  place  that  if  it 
were  done  it  would  have  to  be  done  by  private  enterprise,  as  the  State 
was  debarred  by  its  own  constitution  from  taking  any  part  in  internal 
improvements  of  that  character,  as  is  done  in  Minnesota  and  in  some 
of  the  Central  Western  States.  It  was  further  found  that,  by  reason 
of  the  lack  of  any  drainage  laws,  it  would  be  almost  impossible  to  drain 
any  considerable  part  of  that  area  without  getting  the  written  consent 
of  every  individual  landowner  who  would  be  in  any  way  affected;  and 
strang'e  as  it  may  seem,  it  was  not  found  possible  to  get  such  consent 
in  the  attempts  that  have  been  made. 

PBOTECnON  BY   LEVEES. 

Another  method  for  the  protection  and  reclamation  is  by  levees  for 
protection  from  floods  and  from  tide.  The  commission  of  course  is 
aware  of  the  important  work  of  the  commission  having  this  matter  in 
charge  on  the  Mississippi  River,  and  it  is  scarcely  necessary  for  me  to 
refer  to  it  at  this  time.  I  have  also  spoken  at  some  length  in  regard 
to  the  levees  protecting  the  rice  swamps  of  South  Carolina  and  adjoin- 
ing States. 

A  question  that  is  assuming  some  proportions  now  in  this  country 
is  the  possibility  of  reclaiming  the  swamps  of  the  Atlantic  and  Pacific 
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coasts.  Not  only  is  it  desirable  to  reclaim  these  lands  for  their  agri- 
cultural value,  which  it  is  admitted  would  be  great,  but  for  the  pro- 
tection, the  help,  and  the  material  welfare  of  the  surrounding  coontrj. 
We  have  a  very  excellent  illustration  of  the  tremendous  bearing  this 
question  has  upon  the  healthfulness  and  prosperity  of  a  community  by 
reference  to  the  conditions  prevailing  here  in  the  city  of  Washington, 
where  the  swamps  have  rendered  almost  uninhabitable,  at  least  by  the 
wealthy  and  well-to-do  people,  certain  portions  of  this  city,  and  where 
there  is  no  possible  question  that  the  cause  could  be  removed,  and  an 
appreciation  of  property  aggregating  thousands  and  thousands  of  dol- 
lars could  be  effected  simply  by  reclaiming  the  swamp  lands. 

Q.  Have  you  any  method  of  or  any  theory  concerning  the  reclaim- 
ing of  those  lands?  The  tide  comes  up  the  Potomac.  How  can  it  be 
prevented  from  overflowing? — A.  The  same  method  would  have  to  be 
used  that  is  used  in  the  rice  lands  of  the  South,  where  similar  condi- 
tions prevail.  There  should  be  a  levee  with  gates  which  will  let  the 
water  out  and  drain  the  land,  and  will  shut  when  the  tide  comes  up 
and  prevent  any  access  from  the  outside.  With  that  protection  against 
the  rise  of  the  tide,  accompanied  by  the  necessary  drainage  in  the  soil 
itself  to  carry  off  the  seepage  waters  which  come  from  the  surround- 
ing country,  the  land  could  be  reclaimed  and  put  in  a  high  state  of 
cultivation. 

This  question  has  been  asked  in  regard  to  the  possibilities  of  reclaim- 
ing many  of  the  marshes  of  Long  Island  and  of  New  Jersey  particu- 
larlv.  It  has  been  estimated  that  the  reclamation  of  the  marsh  lands 
in  New  Jersey  adjacent  to  Jersey  City  would  cost  something  like 
$3,000,000.  The  plans  are  under  consideration  now,  and,  in  fact, 
large  areas  have  already  been  undertaken  in  the  reclamation  of  those 
lands.  Also  along  the  coast,  particularly  in  connection  with  the  resi- 
dents on  Long  Island  and  along  the  Jersey  coast,  in  Delaware  and  in 
Maryland,  and  in  North  Carolina  and  in  Virginia,  the  disastrous  effects 
of  these  swamps  are  keenly  felt  by  the  people  who  go  there  to  spend 
the  summer  near  the  seashore.  Not  only  are  they  unpleasant,  but 
they  are  at  times  and  in  places  distinctly  dangerous  because  of  the 
prevalence  of  mosquitoes,  which  convey  malaria,  and  because  of  the 
presence  of  other  fevers  that  are  very  fatal  or  injurious. 

A  plan  has  recently  been  proiwsed  to  the  Department  for  the  reclama- 
tion of  a  large  area  of  swamp  land  on  Long  Island  for  the  purpose  of 
being  able  to  treat  the  swamp  for  mosquitoes.  They  are  not  able  with- 
out enormous  expense  now  to  control  the  mosquito  pest  and  the  con- 
sequent malaria  that  has  come  to  the  locality.  They  want  to  see  if  the 
land  can  be  diked  and  subsequently  drained,  so  that  they  can  entirely 
exterminate  the  mosquitoes  from  that  locality.  It  is  probable  that 
the  plan  will  be  carried  out. 

It  seems  to  me  that  such  work  as  that  is  primarily  for  the  individual 
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and  in  the  second  place  for  the  State.  I  hardly  see  that  the  National 
Government  has  any  interest  or  control  in  the  matter.  It  is  certainly 
not  like  the  development  of  harbor  privileges  or  the  improvement  of 
rivers,  for  it  applies  only  to  the  locality  in  which  it  is  conducted. 

Q.  (By  Mr.  Clabke.)  Are  you  awareof  the  experiment  in  reclaiming 
marsh  lands  that  was  made  in  Marshfield,  Mass.  ? — A.  Not  particularly. 

Q.  There  the  dike  had  the  effect  to  close  the  harbor,  pi*actically; 
not  but  that  there  was  sufficient  area  of  harbor  below  the  dike,  but 
the  failure  to  accumulate  a  large  body  of  water  above  that  checked 
the  passing  out  with  the  ebb  of  the  tide,  and  resulted  in  the  accumu- 
lation of  sand  bars  in  the  lower  harbor,  so  that  the  harbor  was  prac- 
tically ruined,  and  there  was  a  gi'eat  clamor  on  the  part  of  the  fishermen, 
which  finally  came  to  be  supplemented  by  that  of  cottagers  who  built 
along  the  shore  of  that  small  bay.  Until,  finally,  the  legislature  was 
induced  to  cut  away  the  diking  and  abandon  the  experiment  of  reclaim- 
ing the  lands. — ^A.  Oh;  it  was  the  outflow  of  this  immense  volume  of 
water  that  filled  up  the  channel? 

Q.  Yes;  so  I  apprehend  that  whenever  the  experiment  is  entered 
upon  along  the  shore  anywhere  to  reclaim  the  marsh  lands  the  ques- 
tion of  harbor  rights  and  the  like  will  come  in  to  affect  the  problem 
more  or  less. — A.  There  is  no  question  that  legislation  will  be  neces- 
sary, and  it  is  likely  to  be  a  complicated  matter.  It  is  one  that  would 
affect  the  State,  however,  and  not  the  National  Government,  unless  it 
interfered,  of  course,  with  the  channels  of  the  harbor;  then  it  would  be 
a  national  matter. 

I  think  that  I  have  covered  in  these  remarks  the  principal  causes  of 
the  exhaustion  and  the  deterioration  of  soils,  as  I  view  the  question, 
and  I  have  spoken  at  some  length  in  regard  to  measures  which  should 
be  used  for  the  reclamation  of  lands.  If  I  have  left  anything  unsaid 
that  should  have  been  said,  or  if  I  should  have  made  anything  clearer, 
I  should  be  very  glad  to  answer  any  questions  that  the  commission 
may  be  pleased  to  ask. 

Q.  You  said  something  about  animalcules  in  the  soils.  Is  that  a 
comparatively  recent  discovery,  or  has  it  been  long  known  to  scientists 
that  soil  abounds  in  animal  life? — A.  It  is  comparatively  recent,  that 
is,  within  thirty  or  forty  years,  that  the  bacteria  have  been  recognized 
and  their  importance  understood. 

Q.  I  have  seen  a  statement  that  you  can  take  a  small  tract  of  soil 
which  is  very  fertile,  and  accustomed  to  produce  large  crops,  and  strike 
it  with  a  pole  persistently  until  you  kill  all  the  animal  life  that 
there  is  in  it,  and  that  the  next  year  it  would  not  bear  anything.  Is 
that  correct? — A.  I  do  not  think  so;  I  do  not  think  it  would  be  possi- 
ble to  kill  bacteria  in  that  way. 

Q.  (By  Mr.  Phillips.)  You  spoke  of  cultivating  bacteria.  What 
process  is  used? — A.  Certain  leguminous  crops  have  tubercles  on  their 
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roots,  which  are  found  to  contain  large  numbers  of  these  bacteria^  sid 
by  inoculating  with  this  suitable  culture  medium,  they  can  be  culti- 
vated and  pure  cultures  be  made.  Such  cultures  are  for  sale  in  (ier- 
many  and  to 'a  limited  extent  in  this  country^  and  it  is  found  that  cer- 
tain crops  will  not  grow  unless  these  bacteria  are  in  the  soil;  tberefope 
many  of  the  leguminous  crops,  for  example  clover,  will  not  grow  unless 
there  are  certain  forms  of  these  bacteria  in  the  soil,  and  by  seeding  thi^ 
pure  culture  over  the  land,  that  is,  mixing  with  a  little  soil,  and  sow- 
ing on  the  land,  the  yield  may  be  doubled,  or  increased  even  more  thu 
that. 

Q.  The  smM  bulbs  are  used  in  producing  cultures  in  the  same  way  i— 
A.  Yes;  the  tubercle  is  just  mashed  in  the  culture  medium,  so  that  the 
inside  is  exposed,  and  these  bacteria  get  out  and  thrive  on  this  culture 
medium. 

Q.  What  is  used  for  that  culture  medium? — A.  1  am  not  sure  what 
is  used;  I  am  not  acquainted  with  the  method  of  making  the  pure  cul- 
ture. 

Q.  (By  Mr.  Tompkins.)  That  is  similar  to  Conn's  culture  in  giving 
flavor  to  butter? — A.  To  butter  or  cheese. 

Q.  Where  is  this  culture  made  in  this  country? — A.  Some  impor- 
tant experiments  have  been  made  at  the  experiment  station  in  Alabama. 

Q.  At  Auburn? — A.  At  Auburn;  yes.  Some  of  the  most  impor- 
tant work  has  been  done  there. 

Q.  Under  whose  charge? — A.  I  do  not  recollect  now. 

Q.  (By  Mr.  Clarke.)  Can  you  ordinarily  determine  by  the  exami- 
nation of  soil  what  is  requisite  to  make  it  more  productive? — A.  No; 
you  can  not,  and  that  is  one  of  the  most  embarrassing  questions  that 
we  have  to  answer.  As  I  have  shown  in  my  testimony,  the  cause  of 
the  deterioration  is  quite  often  due  to  lack  of  good  management,  good 
judgment,  and  good  practice  on  the  part  of  the  farmer,  but  we  can 
not  tell  from  a  chemical  or  physical  examination  whether  the  soil  is 
productive  or  not.  We  can  often  tell  the  kind  of  crop  it  is  adapted  to, 
whether  it  is  a  truck  soil,  or  wheat  soil,  or  a  grass  soil,  but  whether  it 
is  fertile  in  its  condition  the  chemical  analysis  does  not  clearly  indicate. 

Q.  Recently  Mr.  Hammond,  of  South  Carolina,  a  very  intelligent 
planter  of  long  experience,  testified  before  the  commission  that  in  his 
opinion  the  use  of  commercial  fertilizers  was  an  evil  rather  than  a 
benefit,  especially  in  his  State,  and  particularly  because  it  led  many 
farmers  to  abandon  making  an  application  of  the  ordinary  farm  feiti- 
lizers,  manures,  etc.  What  is  your  opinion  about  that? — A.  My 
opinion  is  that  in  the  main  that  is  correct;  that  the  use  of  fertilizers 
tends  to  make  the  farmer  more  shiftless  and  less  careful  in  saving  and 
in  the  cultivation  of  his  land.  Fertilizers  have  been  introduced  in 
comparatively  recent  years.  There  was  never  any  trouble  for  lack  of 
fertilizers  in  the  Eastern  countries.     The  lands  there  have  been  culti- 
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rated  for  hundreds  and  thousands  of  years,  but  it  had  been  done  by 
careful  work.  The  farmers  have  saved  everything  that  came  oflf  the 
place.  They  have  saved  all  of  the  litter  and  put  that  back;  all  manure 
and  put  that  back,  and  all  excrements  and  waste  of  the  farm  and  put 
tbem  back  on  the  soil  and  worked  it  in;  they  have  had  small  holdings 
and  used  intensive  cultivation.  With  us,  we  have  these  large  areas, 
entirely  too  large  to  manure  with  the  ordinary  waste  from  the  farm, 
and  i¥e  rely  on  these  commercial  fertilizers  with  no  addition  of  organic 
matter,  and  after  with  clean  cultivation.  There  is  no  question  in  my 
mind  that  much  harm  has  been  done  by  continuous  and  excessive  use 
of  commercial  fertilizers  without  the  intensive  methods  that  should  bo 
employed  when  they  are  used. 

Q.    Would  it  not,  in  your  opinion,  be  possible  to  reclaim  very  many 
of  the  so-called  worn-out  farms  of  Maryland  and  Virginia  by  gathering 
muck  from  the  low  places  and  subjecting  it  to  the  tread  of  live  stock, 
and  mingling  with  it  the  manure  that  ordinarily  accumulates  on  a  well- 
stocked  farm,  and  applying  that  intelligently  to  the  various  soils  of 
those  farms? — A.  It  would  be  where  the  cost  of  the  process  would  not 
be  too  great,  but  unless  it  was  adjacent  to  the  land  it  would  not  be 
feasible.     The  cheapest  method  in  that  case  would  be  to  grow  cowpeas 
and  other  forms  of  green  manure.     There  is  no  question  if  you  adopt 
such  methods  as  that,  of  being  able  to  bring  the  land  up.     It  is  simply 
because  farmers  do  not  do  what  they  know  is  the  simplest  and  most 
eflScient  thing  to  do.     There  are  lands  that  are  kept  up  in  good  shape 
just  by  the  methods  that  are  used  on  the  avei'age  farms  which  are  in 
very  good  condition,  simply  because  they  are  attended  to  in  those 
ways.* 

Q.  Have  the  farmers  of  the  West  begun  to  practice  fertilization  a 
great  deal  more  than  formerly? — A.  They  are  not  using  fertilzers  to 
any  great  extent.     I  think  the  practice  is  increasing  a  very  little,  but 
very  little  fertilizer  is  used  throughout  the  West  at  the  present  time. 
Q.  Is  there  not  danger  that  their  soils  will  become  comparatively 
barren  unless  something  is  done  to  restore  what  is  taken  from  them? — 
A.  There  will  be  if  the  owners  persist  in  the  cultivation  of  the  same 
crop  year  after  year,  as  is  done  now  in  Red  River  Valley  and  in  some 
of  our  Central  States;  but  by  a  rotation  of  crops  or  by  introduction  of 
more  intensive  methods  when  the  soils  begin  to  wear  out  their  fertility 
can  be  maintained  and  improved.     Now,  they  say  very  justly  that  while 
they  are  getting  12  or  16  bushels  of  wheat  to  the  acre  at  the  low  cost 
at  which  it  is  produced,  20  cents,  they  don't  care  at  all  what  becomes 
of  their  lands;  they  are  going  to  last  the  lifetime  of  the  present  gener- 
ation and  they  are  not  concerned  with  what  becomes  of  them  after 
^at    I  think  very  likely  that  that  yield  of  12  or  16  bushels  that  is 
obtained  now  in  the  Red  River  Vallev  can  be  obtained  for  a  lonff  series 
of  years.    The  soils  are  almost  identical  with  the  fertile  wheat  lands 
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of  Russia  that  have  produced  wheat  for  a  great  many  generations,  bat 
the  time  will  come,  I  presume,  when  the  yield  will  decrease  below  whit 
they  are  getting  now,  and  they  will  feel  the  need  either  of  fertilizi^ 
the  soil  better  or  of  changing  their  crops  and  introducing  more  inten- 
sive methods  than  they  have  at  present. 

Q.  What  is  your  advice  on  the  subject? — ^A.  I  see  no  opportunity 
of  changing  the  methods  at  the  present  time.  It  is  a  good  deal  like 
the  arrangement  made  where  you  can  rent  range  lands  for  5  cents  an 
acre  per  year,  and  where  you  can  not  afford  to  put  much  improvement 
on  the  lands.  They  are  only  worth  J1.25  an  acre,  and  you  certainly 
can  not  spend  much  money  in  maintaining  the  fertility  of  such  lands. 
It  seems  to  me  it  is  an  economic  question;  it  is  not  an  agricultural 
question.  We  simply  can  not  afford  to  maintain  the  fertility  of  those 
lands  with  the  expense  attending  that  process  until  lands  become  more 
valuable  than  they  are  at  the  present  time^ 

Q.  It  is  cheaper,  is  it  not,  to  maintain  fertility  than  to  restore  iti — 
A.  That,  of  course,  is  a  relative  matter;  it  is  more  expensive  for  us 
and  it  is  less  expensive  for  our  grandchildren. 

Q.  Have  you  investigated  the  subject  of  flowing  sewage  upon  the 
lands? — A.  I  have  not,  except  quite  incidentally.  We  have  never 
made  any  investigation  of  that  question  at  all. 

Q.  (By  Mr.  Phillips.)  What  is  the  best  green  crop  to  raise  to 
fertilize  the  land — plowing  it  down,  for  instance? — A.  Clover  is  one 
of  the  best  renovators  of  the  soil  where  it  can  be  grown,  but  the  pos- 
sibilities of  growing  it  are  limited  and  the  most  generally  useful  crop 
is  the  cowpea  of  the  South. 

Q.  That  came  into  use  quite  recently? — A.  Ye«;  well,  twenty -five 
years  ago  in  an  extensive  way. 

Q.  Is  it  used  to  a  considerable  extent  in  the  North  and  West? — A. 
It  is  being  used  to  a  considerable  extent  now  in  the  Noilh. 

Q.  It  is  supposed  to  have  this  bacteria,  is  it  not? — A.  Yes;  it  has 
these  root  tubercles. 

Q.  (By  Representative  Bell.)  Have  you  ever  visited  Greeley  in 
Colorado  ?— A.  I  was  there  once,  six  years  ago. 

Q.  They  have  a  rotation  there  on  first  wheat;  then  they  follow  with 
alfalfa,  which  they  plow  under;  then  follow  with  potatoes,  and  in 
turn  follow  the  potatoes  with  wheat.  They  thus  grow  an  enormous 
crop  every  year.  I  think  they  make  over  40  bushels  of  wheat  tJiere 
to  the  acre  following  those  crops. — A.  And  they  get  enormous  yields 
of  potatoes. 

Q.  Enormous.  It  is  the  best  potato  spot  in  the  world.  They 
haven't  a  rival  in  the  United  States.  I  think  they  ship  the  best  pota- 
toes to  London. 

(Testimony  closed.) 
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SOME  MUTUAL  RELATIONS  BETWEEN  ALKALI  SOILS 

AND  VEGETATION. 


THE  EFFECT  UPOH  SEEDUHO  PLAET8  OF  CEBTAIE  GOMPOHEVTS 

OF  ALKALI  SOILS. 

By  Thomas  H.  Kearney  and  Frank  K.  Cameron. 

INTRODUCTION. 

Everyone  who  is  familiar  with  alkali  soils  knows  that  their  charac 
ter  varies  greatly  in  different  localities,  one  salt  or  combination  of 
salts  predominating  over  others  which  may  be  pi*esent.^  Sometimes 
sodium  carbonate,  the  draaded  "  black  alkali,"  is  relatively  abundant 
as  compared  with  the  other  soluble  soil  components.  In  other  cases 
this  salt  may  be  entirely  absent  or  present  merely  as  a  trace,  while 
one  or  more  of  the  "white  alkali''  salts,  e.g.,  sodinm  chloride  or 
sodium  sulphate,  plays  the  most  important  part. 

It  is  also  known  that  these  salts  are  not  all  equally  injurious  to  veg- 
etation. Sodium  carbonate,  for  instance,  is  generally  believed  to  be 
much  more  harmful  than  any  other  salt  of  common  occurrence,  owing 
probably  to  its  pronounced  corrosive  action  on  the  plant  tissues. 
Gypsum,  or  the  dihydrate  of  calcium  sulphate,  on  the  other  hand,  is 
harmless  and  even  beneficial  in  ordinary  cases.  Experiments  with 
solutions  of  chemically  equivalent  strength  show  very  marked  differ- 
ences in  the  action  of  different  salts  upon  plant  growth.  Hence  the 
question  wl^pther  the  salt  forming  the  greater  part  of  the  soluble  com- 
ponents of  a  given  soil  is,  to  take  a  concrete  case,  the  very  injurious 
sodium  carbonate  or  the  relatively  harmless  sodium  chloride,  may 
often  determine  whether  that  soil  is  utterly  useless  or  quite  valuable 
to  the  f  armen 

It  becomes,  therefore,  a  question  of  great  importance  to  everyone 
who  is  concerned  with  soils  which  contain  an  appreciable  amount  of 
alkali  to  know  definitely  the  relative  harmf ulness  of  the  salts  both 
severally  and  in  mixtures,  since  the  latter  is  the  condition  ander 
which  they  almost  invariably  occur  in  nature. 

Field  observations  will  give  some  idea  of  how  the  soluble  salt  com- 
ponents compare  in  this  regard.  But  the  conclusions  are  necessarily 
somewhat  vague  and  unsatisfactory;  for  in  the  field  and  under  the 
conditions  that  are  found  in  nature  it  is  practically  impossible  to  study 

^See  BnUetin  No.  17,  Division  of  Soils,  U.  S.  Department  of  Agricnltnre  (1901). 
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the  effect  of  any  one  soil  component.  It  is  rare  indeed*  that  the 
"alkali"  is  composed  of  but  one  salt  or  chemical  indlvidaal.  And, 
as  will  be  brought  out  later,  it  is  entirely  impossible  to  predicate 
anything  definite  as  to  the  action  of  a  mixture  of  salts  upon  a  plani 
from  a  previous  knowledge  of  the  effects  produced  by  each  single  salt- 
Conversely,  it  is  equally  impossible  to  draw  conclusions  as  to  the  action 
of  any  one  of  a  mixture  of  salts  from  observations  of  the  effects  pro- 
duced by  the  mixture  itself. 

The  more  exact  methods  of  the  laboratory  are  necessary  in  order  to 
give  us  precise  knowledge,  and  with  this  end  in  view  the  present  inves- 
tigation was  undertaken.  It  is  not  claimed  that  the  results  so  far 
obtained  are  in  all  respects  conclusive.  The  fact  that  only  two  species 
of  plants  were  employed  in  these  first  experiments  is  sufficient  indi- 
cation that  they  are  not.  In  physiological  research  nothing  is  more 
dangerous  than  generalization  from  the  beliavior  of  one  or  a  few 
species  of  plants  to  that  of  plant  life  as  a  whole.  It  is  a  well-estab- 
lished fact  that  species  differ  widely  in  their  reaction  to  a  given 
chemical  or  physical  condition.  Witness  thafact  that  seaweeds  will 
thrive  in  water  containing  1.5  to  3  per  cent  of  sodium  chloride,  and 
that  salt  marshes,  whose  soil  is  saturated  with  water  containing  nearly 
or  quite  as  much  of  this  salt,  often  support  a  luxuriant  vegetation, 
while  the  average  crop  is  killed  by  a  much  more  dilut.e  solution  of 
sodium  chloride.  Certain  plants  show  a  marked  aversion  to  limestone 
soils,  while  other  species  are  almost  entirely  limited  to  soils  having 
a  high  content  of  lime.^  But  it  is  needless  to  multiply  illustrations 
of  so  familiar  a  phenomenon. 

That  a  similar  diversity  is  manifesto  by  different  cultivated  crops 
in  their  sensitiveness  to  various  mineral  salts  when  present  in  the  soil 
solutions  is  well  known.  Therefore  we  can  not  safely  predict,  until 
experiments  with  many  different  plants  have  been  made,  that  the 
order  of  harmf ulness  of  the  alkali  salts  here  established  for  two  plants 
will  be  found  to  hold  for  all  or  even  many  of  those  whiffli  are  com- 
monly cultivated  in  the  alkali  regions.  But,  as  it  is  obviously  essen- 
tial to  the  satisfactory  prosecution  of  alkali  soil  work  that  a  definite 
standard  for  comparison  of  the  salts  be  established,  there  need  be  no 
further  apology  for  the  presentation  of  these  first  results  of  what  it  is 
hoped  will  become  an  exhaustive  investigation. 

In  the  progress  of  the  work  numerous  data  were  accumulated  which 
appeared  to  possess  a  more  than  ordinary  degree  of  scientific  interest, 
especially  as  relating  to  the  chemical  theory  of  the  dissociation  of 
electrolytes  in  solution  and  to  the  recently  published  hypothesis  that 
various  salts,  or  rather  their  dissociated  ions,  enter  into  compounds 

*  The  intereBting  sabject  of  **  lime-loving"  and  ''lime-avoiding" i>lant8  has  heen 
mnch  disctuBsed  by  European  botanists.  It  is  synoptically  treated  by  Dmds 
(Handbnch  der  Pflanzengeographie,  p.  51)  and  by  Schimper  (Pflansengeognpbiei 
p.  105).    The  latter  anther  gives  an  extensive  bibliography. 


^with  the  proteids  of  the  protoplasm  of  plants  and  animals,  which  '4on 
proteids  "  play  a  highl}^  important  part  in  life  processes  and  phenomena. 
Thiis  aspect  of  the  subject  will  be  treated  particularly  in  discussing 
tkxe  significance  of  the  experiments  with  mixed  solutions. 

METHODS  OF  EXPERIMENT. 
SALTS  EMPLOYED. 

In  the  selection  of  a  series  of  salts  for  investigation  the  experience 
of  members  of  the  Division  of  Soils  in  field  and  laboratory  ser\''ed  as 
a  ^uide.  Salts  were  used  which  have  been  determined  as  forming 
definitely  injurious  components  of  alkali  soils  and  as  occurring  in 
sufficient  quantity  to  be  of  practical  importance.  In  about  the  order 
of  their  general  abundance  in  the  Western  United  States  these  are 
sodium  chloride  (NaCl),  sodium  sulphate  (Na2S04),  sodium  carbonate 
(NagCO,),  sodium  bicarbonate  (NaHCOg),  magnesium  chloride  (MgClg), 
magnesium  sulphate  (MgS04),  and  calcium  chloride  (CaClj).  Inci- 
dentally, exx>eriments  were  made  with  gypsum  (CaS042H20),  calcium 
carbonate  (CaCOj),  calcium  bicarbonate  [Ca(HC08)2],  and  with 
magnesium  carbonate  (MgCO,),  and  bicarbonate  [Mg(HC03)3],  <^ 
"well  as  with  an  aqueous  solution  of  carbon  dioxide  (CO3),  the  last  in 
order  to  test  a  theory  that  suggested  itself  during  the  experiments 
with  carbonates  and  bicarbonates. 

In  preparing  and  standardizing  the  solutions  much  assistance  was 
rendered  by  Mr.  Seidell,  of  the  Division  of  Soils. 

The  solutions  were  invariably  made  with  salts  manufactured  by 
Baker  <fe  Adamson,  and  found  to  be  practically  chemically  pure,  dis- 
solved in  distilled  water.  ^  They  were  made  up  in  each  case  on  the 
basis  of  a  normal  solution — i.  e.,  of  a  gram-equivalent  per  1,000  c.  c.  of 

^  The  water  nsed  in  all  erperiments  was  distilled  through  a  tin  worm  and  was 
collected  and  stored  in  Winchester  quart  bottles  of  practically  insoluble  glass. 
A.  condactiyity  test  showed  this  to  be  an  nnnsnally  pnre  water,  bnt  in  order  to 
establish  this  point  beyond  donbt,  a  portion  of  this  same  water  was  redistilled 
from  glass,  the  first  and  last  portions  being  of  course  discarded.  A  test  of  the 
distillate  showed  it  to  possess  about  twice  as  great  conductivity  as  that  which 
had  been  distilled  only  once  from  the  tin.  A  comparison  of  cultures  of  lupines 
in  the  water  which  had  been  only  once  distilled  with  that  which  was  redistilled 
Bho'wed  practically  no  diiference  in  the  amount  of  growth  made  by  the  roots.  As 
Galeotti  has  lately  shQwn  [Biol.  Centralbl. ,  21, 329  ( 1901 )  J ,  the  oligodynamic  action 
of  relatively  concentrated ' '  colloidal "  solutions  of  metals  disappears  in  the  presence 
of  ipreak  solutions  of  electrolytes.  Thus  a  Solution  of  copper  cootaining  1  gram- 
atom  of  metal  per  126,000  liters  of  water  produced  no  effect  upon  Spirogyra  in 
the  presence  of  a  0.01  i>er  cent  solution  of  sodium  chloride,  and  a  solution  of  1 
gram-atom  of  copi)er  per  63,000  litei'S  of  water  acted  only  after  twenty-four  hours, 
although  in  the  absence  of  the  electrolyte  the  toxic  effect  of  the  colloidal  copper 
solution  is  manifested  at  a  dilution  of  1  gram-atom  of  copper  per  126,000,000  liters 
of  water.  (See  footnote,  p.  50.)  Hence  it  is  practically  certain  that  in  the 
exx>eriment8  described  in  this  report  no  complications  were  to  be  feared  from  the 
presence  of  a  trace  of  metals  in  the  water  used. 
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Bolution.  In  other  words,  in  the  case  of  monovalent  componnds,  ond 
gram-molecule  was  contained  in  a  liter  of  solution,  while  in  the  caseoC 
bivalent  compounds,  a  half  gram-molecule  was  present. '  In  this  way 
only  is  a  really  instructive  and  fair  comparison  of  the  effects  of  different 
salts  obtainable.  Many  experiments  made  in  times  past  in  which  com- 
parisons were  based  upon  simple  percentages  of  solute  to  solvent  by 
weight  are  for  this  reason  of  far  less  value  than  if  normal  solutions 
had  been  employed.  In  order  to  study  comparatively  those  effects 
produced  by  different  electrolytes  which  are  not  dependent  upon 
their  respective  chemical  natures,  but  which  are  common  to  them  all 
and  due  only  to  their  active  masses  (such,  for  instance,  as  effects  due 
to  the  osmotic  pressure  existing  in  the  solution),  it  is  obviously  neces- 
sary to  take  into  consideration  the  number  of  reacting  weights  of  the 
electrolyte  introduced  and  the  amount  of  electrolytic  dissociation 
which  takes  place.  That  is  to  say,  one  must  consider  the  concentra- 
tion of  the  solution  with  respect  to  the  number  of  reacting  chemical 
equivalents,  molecules,  or  ions  which  may  be  present.  Moreover, 
attempts  to  study  comparatively  the  effects  produced  by  different 
kinds  of  ions  in  the  solution  can  only  be  made  by  approaching  the 
subject  in  this  manner.  But  in  all  statements  in  this  report  of  the 
concentration  of  a  given  solution  both  fractions  of  a  normal  solution 
and  parts  of  salt  to  100,000  of  solution  are  given  in  order  that  the 
results  may  be  readily  intelligible  to  readers  who  are  familiar  with 
one  or  the  other  method,  as  the  case  may  be. 

The  method  pursued  in  these  experiments  was  to  make  and  care- 
fully standardize  a  large  volume  of  a  normal  solution  of  each  salt 
and  then  dilute  to  the  required  strength  as  occasion  demanded. 

In  beginning  the  experiments  the  limit  for  each  salt  as  determined 
by  investigators  in  the  field  was  first  tried,  but  immediately  showed 
itself  to  be  too  high.  So  lower  and  lower  concentrations  had  to  be 
tested  until  the  critical  one  was  reached. 

PLANTS  SELECTED  FOR  EXPERIMENT. 

For  a  variety  of  reasons  the  white  lupine  {Lupinus  aSyus)  was 
employed  in  nearly  all  the  experiments,  although  subsequently  alfalfa 
{Medicago  sativa)  was  introduced  for  comparison.  The  lupine  has  a 
seed  of  good  size,  averaging  10  to  12  mm.  in  greatest  diameter.  As  an 
abundant  supply  of  nutritive  material  is  stored  in  the  thick  seed 
leaves,  there  is  no  danger  of  starvation  of  the  seedlings  in  experi- 
ments of  short  duration  such  as  those  here  described.  The  lupine 
seeds  germinate  readily,  sending  out  a  vigorous  radicle  with  clean, 

^Dandeno  [Hot.  Gazette  82,  229  (1901)]  has  recently  called  attention  to  a  certaiii 
amount  of  confnsion  which  has  existed  among  both  chemists  and  physiologists 
as  to  the  preparation  of  a  normal  solution,  and  it  has  seemed  wise  to  describe  in 
detail  the  procedure  followed  in  this  investigation. 
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c>-riglit,  white  surface.  If  the  seeds  are  germinated  in  a  proper  medium 
[sphagnum  or  peat  moss  saturated  with  water  was  actually  employed) 
blie  root  is  usually  straight  or  nearly  so.  These  characteristics  are 
Lniportant,  as  they  permit  the  easy  and  accurate  measurement  which 
is  essential  to  a  determination  of  the  amount  of  growth  made  during 
»  given  period.  The  white  lupine  has  the  further  advantage  of  being 
Sk  favorite  subject  for  experiment  with  plant  physiologists,  so  that 
nnmerous  data  for  comparison  are  available. 

In  one  series  of  experiments  lupine  plants  were  used  whiqh  had 
"been  grown  for  eleven  days  in  a  prepared  culture  solution,  and  had 
:Eiot  only  developed  a  considerable  root  system,  but  had  unfolded  two 
or  three  leaves  in  addition  to  the  seed  leaves.    In  these  plants  all  the 
processes  essential  to  the  life  of  a  mature  individual  were  undoubt- 
edly in  full  activity.     As  a  rule,  however,  a  much  earlier  stage  of 
gTOTvth  was  preferred,  as  clearly  affording  a  more*  sensitive  index  of 
the  effect  of  solutions.    Experiments  with  older  plants  indicated  that 
they  are  less  delicate  registers  of  toxic  effect.     An  additional  advan- 
tage in  using  very  young  plants  is  that  they  are  practically  independ- 
ent of  the  substratum  so  far  as  food  supplj'  (that  is,  the  mineral 
ash  constituents)  is  concerned,  that  stored  in  the  thick  cotyledons 
answering  all  purposes.     Consequently  the  confusion  which  would 
unavoidably  arise  if  a  culture  solution  of  several  salts  containing 
the  necessary  elements  of  plant  food  were  introduced  is  avoided  by 
the  employment  of  seedlings. 

Lupine  seedlings  were  transferred  directly  from  the  sphagnuVn,  in 
which  they  had  germinated  twenty-four  to  forty-eight  hours  pre- 
viously, to  the  solution  in  which  the  experiment  was  to  be  made.  In 
this  st^e  of  growth  the  seed  leaves  are  still  closely  appressed  one 
to  another,  and  are  pale  yellow  in  color.  The  initial  root  is  3  to 
6  cm.  long,  and  shows  as  yet  no  indication  of  the  appearance  of  lat- 
eral branches.  Care  was  taken  to  keep  the  moss  so  wet  as  to  preclude 
a  normal  development  of  root  hairs;  and  in  this  respect  the  result 
would  be  the  same  if  the  radicles  had  been  immersed  in  water  imme- 
diately after  germination.  It  was  desired  to  render  as  slight  as  possi- 
ble the  change  of  conditions  in  transferring  from  one  medium  to  the, 
other.  There  is  every  reason  to  believe  that  under  these  circum- 
stances the  amount  of  injury  sustained  by  the  plants  as  a  result  of  the 
change  of  substratum  was  reduced  to  a  minimum.^ 

1  Wolf  demonstrated  [Laiidwirthsch.Ver8achFst.,6,303,  (1864)]  that  plants  which 
Had  "been  grown  in  soil  nntil  a  considerable  root  system  was  developed  and  then 
shifted  to  an  aqneons  solntion  (as  in  the  experiments  of  De  Sanssnre  and  others) 
coald  not  be  depended  npon  to  give  as  satisfactory  results  as  plants  which  had 
been  cultivated  from  the  moment  of  germination  in  aqueous  solutions.  But  in 
the  case  of  seedlings  transferred  from  loose  wet  sphagnum  to  water  before  any  lat- 
eral roots  had  appeared  no  difficulty  of  this  sort  need  be  apprehended. 
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From  the  experiments  of  others  with  plants  icnltivated  in  salt  aoln- 
tions  it  woald  appear  that  Jbupinus  albus  agrees  pretty  closely  ii 
point  of  sensitiveness  with  other  large-seeded  Leguminosffi,  e.  g.,pe« 
{Pisum  aatiuum),  beans  {Phaseolvs  vulgaris),  and,  at  least  in  some 
cases,  with  the  horse  bean  ( Viciafaba)J 

In  order  to  determine  how  closely  plants  of  the  same  family  oone- 
spond  in  their  resistance  to  toxic  effect,  and  at  the  same  time  to 
obtain  data  as  to  the  behavior  of  a  plant  whose  economic  importanee 
in  arid  regions  is  inestimable,  a  number  of  experiments  were  made 
with  alfalfa  {Medicago  saiiva).  Here  we  have  to  deal  with  a  plant 
whose  seeds  are  many  times  smaller  than  those  of  the  white  lupine 
(1.5  to  3  mm.  in  greatest  diameter).  The  radicle  of  the  alfalfa  seed- 
Hug  is  correspondingly  small  and  delicate,  and  hence  requires  more 
careful  manipulation  than  does  that  of  Lupinus.  Alfalfa  seeds  were 
germinated  in  wet  blotting  paper,  and  were  transferred  to  the  solu- 
tions when  the  radicles  were  1  to  2  cm.  long. 

A  basis  for  comparison  of  the  effects  of  toxic  solutions  upon  plants 
of  very  different  character  and  relationship  is  afforded  by  Heald^s 
investigations  of  the  action  of  extremely  dilute  solutions  of  hydro- 
chloric acid  upon  seedling  peas,  pumpkins,  and  maize.^  This  author 
calculates  that  while  one  part  of  hydrogen  ions  (liberated  by  dissocia- 
tion) in  6,400,000  parts  of  water  killed  the  root  tips  of  the  pea  {Pisum 
sativum),^  one  part  in  3,200,000  was  required  to  produce  a  similar 
effect  upon  the  pumpkin  {Cucurbita  pepo)  and  one  part  in  only 
1,600,000  to  destroy  the  root  tips  of  maize  {Zea  mays).  In  other 
words,  maize  offers  four  times  and  the  pumpkin  twice  as  much  resist- 
ance to  the  toxic  effect  of  hydrochloric  acid  as  do  peas  and  lupines. 

These  results  emphasize  the  importance  of  extending  the  present 
investigations  to  other  plants  of  as  widely  different  botanical  relation- 
ship as  possible.  It  is  also  of  great  moment  that  experiments  be  made 
with  different  stages  of  growth  of  the  same  plant,  from  the  germinat- 
ing seed  to  some  point  near  maturity.  It  is  as  certain  that  the  same 
kind  of  plant  at  various  periods  of  development  differs  in  its  reaction 
to  a  given  salt  solution  as  that  the  reaction  of  the  same  plant  to  the 
same  solution  will  be  affected  by  variations  of  temperature  and,  per- 
haps, of  illumination.* 

1  Bat  not  always,  for  True  [  Annals  of  Botany,  9, 372,  (1895)]  found  the  white  lupine 
''more  strongly  affected  by  a  0.25  per  cent  solntion  than  fa  Vtdafaba  by  one  U 
1  per  cent  KNO,  content."  He  finds  Pisnm  likewise  more  sensittTethan  Vida 
faba. 

*Bot  Gazette,  22, 136  (1898). 

^The  white  lupine  appears  to  be  about  equally  sensitiYe  to  H-iona,  for  Kahliin- 
berg  and  True  [Bot.  Gazette,  22, 91  ( 1896)]  determined  its  limit  of  endoranoe  in  a 
solution  of  HCl  to  be  -^eji  normal,  while  later  Eahlenberg:  and  Austin  [Joan. 
Physical  Chem. ,  4,  557  ( 1900)  ]  fixed  upon  ^^  normal  as  a  more  acourate  limit 

^Storp  [Landwirthaoh-Versuchsst.,  18,  76  (1884)]  found  sine  snlphats  to  te 
extremely  injurious  to  germinating  seedlings  when  exposed  to  the  light,  haft 
harmless,  or  nearly  so,  in  the  dark. 


18 

TTie  practical  valae  of  such  a  development  oftlmon  mi  miles  is  indi- 
cated by  certain  conditions  to  which  agricnltnre  in  alkali  regions  is 
subject.  It  is  well  known  that  while  at  the  beginning  of  the  season 
the  salt  components  are  often  pretty  equally  distributed  through  a 
considerable  depth  of  soil  and  are  in  consequence  comparatively  harm- 
less, the  increased  evaporation  which  accompanies  increased  temper- 
atures and  decreased  atmospheric  moisture  as  the  season  advances 
draws  these  salts  to  the  surface  of  the  soil,  where  they  often  effloresce 
and  form  '^crusts"  (especially  in  the  case  of  sodium  carbonate  and 
sodium  sulphate).  Hence  older  plants  are  frequently  exposed  to  the 
action  of  much  more  concentrated  solutions  than  the  same  individuals 
wlien  younger  had  to  contend  with.  Furthermore,  the  accidents  of 
irrigation  may  materially  alter  the  alkali  content  of  a  soil  in  the  midst 
of  tlie  growing  season  of  a  crop.  It  is  therefore  to  be  hoped  that  this 
important  extension  of  the  investigation  may  soon  receive  attention. 

DETAILS  OF  MANIPULATION. 

The  manner  of  preparing  the  solutions  and  the  plants  to  be  culti- 
vated has  already  been  described.  A  few  words  about  methods  and 
details  followed  in  the  experiments  are  in  order. 

To  contain  the  solutions,  glass  vials  nearly  3  cm.  in.  diameter  and 
holding  about  70  c.  c.  of  liquid  were  used.  In  the  experiments  with 
lupines,  only  one  plant  was  suspended  in  each  vial  by  means  of  a  hole 
bored  through  a  close-fitting  thin  cork  stopper,  the  aperture  being 
entirely  closed  by  means  of  cotton  batting.  Protection  against  undue 
evaporation  from  the  upper  i>ortion  of  the  plant  was  secured  by  plac- 
ing several  vials  in  a  glass  jar  containing  a  little  water  and  inverting 
another  jar  over  the  whole.  The  plant  was  so  adjusted  in  the  cork 
that  1  to  3  cm.  of  the  terminal  portion  of  the  radicle  was  immersed  in 
the  solution,  the  uppermost  portion  of  the  radicle  extending  through 
the  vapor-saturated  space  between  solution  and  stopper,  while  the 
hyjKKJotylaiy  section  was  invested  with  moist  cotton. 

In  the  case  of  alfalfa  five  or  six  plants  were  inserted  in  each  vial  in  the 
following  manner:  A  piece  of  aluminum  wire  was  passed  through  the 
cork  stopper  in  such  a  way  as  to  allow  it  to  be  raised  or  lowered  at  discre- 
tion. On  the  x>ortion  of  the  wire  included  in  the  vial  five  or  six  small 
loops  were  made  of  proper  size  to  hold  in  place  each  a  seedling  plant,  with 
its  seed  leaves  resting  on  the  loop  and  its  root  immersed  in  the  solution. 

The  duration  of  the  culture  in  the  salt  solution  was  generally  lim- 
ited to  twenty-four  hours,  as  it  was  usually  possible  at  the  end  of  that 
period  to  determine  accurately  whether  the  root  tip  had  been  killed 
or  not.  Frequently,  however,  the  plants  were  returned  to  the  solution 
for  a  second  period  of  equal  duration  in  order  to  remove  all  doubt 
upon  this  point.  ^    If  at  the  end  of  that  period  no  growth  had  taken 

>  In  fhifl  particular,  as  in  others,  the  experimental  methods  outlined  by  Kahlen- 
beiK  A^^  '^'^^  [^^  Gazette,  88,  87,  90  (1896)]  have  been  followed,  as  it  was 
desirable  to  make  as  close  comparison  as  possible,  with  their  results. 
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place  since  the  first  examination,  it  was  regarded  as  reasonably  cer- 
tain that  the  root  tips  had  perished,  and  a  less  concentrated  solotioa 
was  tried.  To  obviate  the  possibility  of  mistaking  a  temporary  condi- 
tion of  plasmolysis  for  final  loss  of  vitality  the  roots  were  in  earlier 
experiments  transferred,  after  twenty-four  hours,  from  the  salt  sdo- 
tion  to  distilled  water;  but  this  precaution  soon  proved  to  be  need- 
less. In  all  the  experiments  a  control  culture  in  distilled  water  w^ 
maintained  under  conditions  of  temperature  and  illumination  iden- 
tical with  those  of  the  salt  cultures.  As  a  matter  of  course,  the  growth 
of  the  roots  is  by  no  means  as  rapid  in  distilled  water  as  in  ordinaiy 
river  water  or  in  a  prepared  culture  solution. 

It  was  sought  to  keep  the  external  conditions  as  nearly  as  possible 
uniform  during  the  entire  series  of  exx)eriments  and  a  temperature  of 
19°  to  21°  C.  was  maintained  in  the  laboratory.  ^ 

The  rate  of  growth  during  the  period  of  exi)eriment  was  ascertained 
by  marking  the  radicle  with  India  ink  just  before  placing  it  in  the  soln- 
tion.  The  mark,  which  was  made  as  fine  as  was  compatible  with  per- 
manency, was  placed  at  a  distance  of  15  mm.  from  the  root  tip  in  the  case 
of  the  lupines  and  10  mm.  in  the  case  of  alfalfa  (Medicago)  so  as  safely 
to  include  the  entire  zone  of  active  growth  in  the  primary  root.*  This 
method  of  measuring  the  growth  of  roots  was  employed  by  Sachs  in 
his  classical  studies  upon  the  growth  of  primary  and  lateral  roots,*  and 
has  been  widely  adopted  by  plant  physiologists.*  By  comparison  of 
the  marked  root  with  a  ruled  surface  the  amount  of  growth  during 
any  given  period  can  be  determined  with  all  the  accuracy  necessary 
in  experiments  of  the  kind  here  described.  ** 

By  using  a  considerable  number  of  individual  plants  in  each  experi- 
ment with  each  solution  (usually  five  in  case  of  Lupinus  and  ten  or 
twelve  in  case  of  Medicago)  it  is  believed  that  the  variant  due  to 
individual  differences   in   vigor  has    been    practically  eliminated.' 


^  In  this  connection  Klemm  [Jahrb.  f.  wiss.  Botanik,  28,  659  (1S95)]  calls  atten- 
tion to  the  great  variability  exhibited  by  plants  as  to  their  limit  of  endurance  in 
solutions  of  acids  of  definite  concentration  if  other  external  conditions  be  varied. 
Askenasy  [Ber.  dentsch.  hot.  Qesellsch.,  8,  61  (1800)]  describes  the  effect  upon  the 
growth  of  roots  produced  by  different  temperatures  or  by  a  variation  of  temper- 
ature daring  a  limited  period  of  time. 

'  S^chs  determined  the  length  of  the  growing  portion,  in  the  case  of  roots  dt 
other  Legmninoste,  to  be  8  to  10  mm.  for  Vidafaba  and  3.5  to  6.5  mm.  in  Pitwi 
sativum,  [Arb.  d.  bot.  Inst.  Wtb*zbnrg,  1, 413 to 419  (1873) ;  Gesammelte  AbhandL, 
2,  803  (1893)] 

^  Q^sammelte  Abhandl. ,  2,  778. 

*  For  example,  Kahlenberg  and  True  use  this  method  in  all  their  experiments 
with  plants  in  solutions  of  toxic  substances.    [See  Bot  Gtazette,  22,  88  (1896)] 

^Askenasy  [Ber.  d.  dentsch.  bot.  Qesellsch.,  8,64,  (1890)]  shows  that  this  method  of 
marking  canses  a  retardation  of  growth  dnring  the  first  hoar  thereafter,  bat  that 
this  is  overcome  after  two  hoars.  Gonseqnently  the  method  conld  be  nsed  with* 
oat  hesitation  in  these  experiments,  althongh  it  is  sometimes  attended  by  disad- 
vantages when  the  phenomena  of  growth  itself  are  stndied. 

'More  than  2,500  seedlings  of  Lupinus  atbua  and  700  of  Medicago  aativa  were 
employed  in  the  whole  series  of  experiments. 
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Indeed,  tha^  this  was  the  case  was  pretty  effectually  shown  by  several 
repetitions  of  the  experiments  with  most  of  the  solutions.  It  is  also 
indicated  by  the  general  regularity  with  which  toxic  effect  is  shown 
to  increase  with  every  increase  in  concentration  of  the  solution  of 
eacli  salt.  By  several  times  repeating  experiments  with  solutions 
of  approximately  the  critical  strength  the  above-mentioned  source  of 
error  due  to  fluctuations  in  temx>erature,  etc.,  was  likewise  reduced  to 
a  minimum. 

DBTEBMINATION  OF  THE  LIMIT  OF  ENDUBANCB. 

In  ascertaining  the  degree  of  concentration  of  a  given  salt  solution 
which  will  just  permit  the  root  tips  to  retain  their  vitality  during  the 
I>eriod  of  experiment,  one  must  of  course  be  able  to  determine  also 
the  point  at  which  death  definitely  occurs.  The  death  point  is  evi- 
dently to  be  sought  far  below  the  degree  of  concentration  which  per- 
mits no  elongation  whatever  to  occur  during  the  period  of  experi- 
menty  for  often  radicles,  of  which  the  marked  zone  had  increased  in 
length  several  millimeters  (even  6)  at  some  time  during  the  experi- 
menty  were  indubitably  dead  at  the  end  of  twenty-four  hours.  ^  The 
mere  fact  of  elongation,  irrespective  of  the  time  in  which  it  has  taken 
place,  does  not  therefore  determine  the  concentration  of  a  salt  solu- 
tion in  which  roots  will  survive,  although  sometimes  useful  in  ascer- 
taining whether  the  root  is  absolutely  dead  at  the  end  of  a  given 
period.  It  is  to  the  general  condition  of  the  apical  x>ortion  of  the 
root  that  we  must  look  for  a  criterion.  While  it  is  sometimes  difficult 
to  describe  those  symptoms  which  denote  the  death  of  the  root  tip, 
it  is  comparatively  easy  to  recognize  them  after  one  has  acquired 
sufficient  experience  with  the  behavior  of  plants  grown  in  toxic 
solutions. 

One  of  the  most  easily  detected  of  the  phenomena  accompanying 
death  in  plants  is  final  loss  of  turgor  due  to  excessive  plasmolysis. 
In  other  words,  the  tissues  lose  their  water,  and  are  unable  *to  make 
good  the  loss,  even  when  restored  to  normal  conditions.  This  is  due 
primarily  to  a  change  in  the  osmotic  equilibrium  of  the  plant  cells. 
Ordinarily,  through  the  controlling  activity  of  the  protoplasm,  a  suffi- 
cient osmotic  pressure  is  maintained  in  the  sap  cavity  of  the  cell  to 

1  Experiments  were  made  with  soltitions  of  a  strength  known  to  be  fatal,  yet 
permitting  some  elongation  daring  twenty-fonr  honrs.  Sodimn  sulphate  (0.05 
normal),  sodimn  carbonate  (0.02  normal),  and  magnesium  chloride  (0.05  normal) 
were  selected,  and  in  every  case  it  was  fonnd  that  elongation  ceased  entirely  after 
three  to  five  boursv  In  a  water  control,  on  the  other  hand,  growth  was  still  pro- 
gressing at  the  end  of  six  honrs,  and  an  examination  at  the  end  of  twenty-fonr 
hours  showed  that  it  had  been  pretty  equally  distributed  throughont  the  entire 
period.  These  results  as  to  toxic  action  correspond  with  Sachs's  statement  [Land- 
wirthsch.  Versnchsst.,  1,  219  (1859)];  Gesammelte  Abhandl.,  1,  430  (1892)]  that 
*' roots  api>ear  to  lose  more  and  more  the  power  of  absorbing  water  containing 
salt  the  longer  they  are  in  contact  with  it" 
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retain  the  necessary  minimnm  of  water.  But  through  various  infla- 
ences,  such  as  exxK)sure  of  the  tissues  to  a  salt  solution  whose  concesi- 
tration  exceeds  a  certain  limit,  this  power  of  adjustment  maj  be 
temporarily  lost.  In  such  cases  a  considerable  proportion  of  the  cell 
water  diosmoses  through  the  ectoplasm,  and  the  protoplast  in  conse- 
quence shrinks  away  from  the  cell  walls,  to  which  it  is  normally 
closely  applied.  If  the  unfavorable  condition  persists,  this  tem- 
porary plasmolysis  may  become  permanent,  and  the  cell  is  killed 
outright. 

Such  disorganization  due  to  extreme  plasmolysis  can  usually  be 
detected  immediately  by  an  examination  of  the  plant  tissues  with  the 
microscope,  and  is  one  of  the  best  indications  of  death.  ^  Roughly, 
however,  injury  of  this  nature  is  suf&ciently  indicated  after  a  certain 
lapse  of  time  by  loss  of  rigidity  and  elasticity  in  the  plant  or  part  of 
a  plant  affected;  in  other  words,  it  becomes  flaccid.  If,  for  example, 
a  root  thus  rendered  flaccid  by  culture  in  a  salt  solution  fails  to  regain 
its  turgor  after  being  transferred  to  water  or  to  a  nutritive  solution, 
it  may  safely  be  considei'ed  as  injured  beyond  recovery.  This  was 
found  to  be  the  most  satisfactory  test  of  death  employed.* 

The  color  of  the  tissues  fs  often  a  useful  symptom  of  destructive 
changes.     Thus  all  the  sodium  salts  employed,  when  given  in  suffi- 


^  "  The  only  externally  perceptilde  change  [indicating  death]  is  in  many 
collapse,  a  more  or  less  strong,  irregnlar  recession  of  the  protoplast  from  the  cell 
wall,  which  does  not,  however,  accompany  by  any  means  all  reactions  of  sub- 
stances which  occasion  death.*'  [Elemm,  Desorganisations-erscheinungon  der 
Zelle.    Jahrb.  ftbr  wiss.  Botanik,  88,  p.  657  (1895).] 

^ Sachs  [Arb.  hot.  Inst.  Wdrzbnrg,  1,  386;  Gesammelte  AbhandL,  S,  774]  man- 
tions  as  an  indication  of  the  approaching  death  of  the  root  tip  the  disorganisa- 
tion of  the  cells  of  the  root  cap,  which  becomes  mncilaginons.  This  was  notsd  in 
many  cases,  but  was  not  foand  to  be  a  practical  test  of  complete  loss  of  ritality. 
Another  indication  of  injury  to  the  apical  portion  of  the  root  is  a  sharp  bend 
near  the  tip,  which  is  very  different  from  the  normal  gentle  cnrvatores.  This 
nsaally  appears  where  loss  of  turgor  from  plasmoljrsis  is  not  manifested.  While 
indicating  injury,  this  symptom  by  no  means  necessarily  implies  complete  loss  of 
vitality  and,  therefore,  does  not  serve  our  porpose  as  a  symptom  of  death.  Solu- 
tions of  a  certain  concentration  of  magnesium  sulphate,  magnesium  chloride,  and 
calcium  bicarbonate  were  f  otmd  to  produce  this  phenomenon  in  a  marked  degree. 
In  the  case  of  the  salt  last  mentioned  the  roots  continned  to  grow  slowly  hi  dis- 
tilled water,  daring  a  second  period  of  twenty-four  hours.  True  [Amu  of 
Botany,  9,377,  (1895)]  alludes  to  these  "  sharp  curves  characteristic  of  injury." 

Another  means  of  detecting  loss  of  vitality  in  protoplasm,  to  which,  however, 
reconrse  was  not  had  in  the  progress  of  this  work,  is  its  coloration  when  dead  by 
means  of  nigrosin,  which  does  not  color  and  does  not  injure  living  protopUnn. 
See  Pfeffer  [Ueber  Anfnahme  von  Anilinfarben  in  lebende  Zellen.  UnterB.  ans  d. 
bot.  Inst.  Ttlbingen,  2,  268,  269],  who  found  in  experiments  with  roots  of  duck- 
weed (Lemna)  and  with  Spirogyra  that  nigrosin  is  not  absorbed  by  cells  while 
alive.  Living  root  hairs  exposed  for  three  days  to  a  0.5  per  cent  solution  of  this 
stain  assumed  no  coloration  whatever,  while  hairs  after  death  when  siinilarly 
treated  readily  absorbed  it. 
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cient  amotmt,  decolorized  the  tissues  of  the  apical  x>ortion  of  the 
root.  This  lost  its  normal  briUiant  white  appearance  ^  and  assumed 
a  Inrid-whitish  color.  In  the  case  of  sodium  carbonate  (NajCOj) 
and  of  sodium  bicarbonate  (NaHCOg)  there  occurred  a  marked  clear- 
ing of  the  tissues  similar  to  that  produced  by  the  hydrates  of  potas- 
sium and  sodium,  the  root  tips  becoming  nearly  transparent.  This 
change  is  completed  long  before  any  loss  of  turgor  is  apparent.  Mag- 
nesium salts  (chloride  and  sulphate)  discolored  the  surface  of  the 
roots,  producing  brownish  spots  which  gradually  spread  over  the 
whole  surface.*  The  difference  in  character  of  physiological  effect 
produced  by  salts  of  the  same  acid  in  the  case  of  sodium  on  the  one 
hand,  and  of  magnesium  on  the  other,  is  very  great  when  gauged  by 
these  external  appearances. 

Another  effect  produced  by  some  of  these  salts  is  an  irregular 
enlargement  of  a  portion  of  the  root.  This  is  very  marked  in  the 
case  of  calcium  chloride,  in  a  solution  of  0.3  normal  or  thereabouts. 
The  root  just  above  the  tip  develops  a  fusiform  swelling  of  which  the 
greatest  transverse  diameter  (2  to  3  mm.)  lies  5  to  10  mm.  from  the 
apex  of  the  root.  A  less  marked  formation  of  this  sort  is  sometimes 
produced  by  magnesium  chloride,  and  even  by  other  salts. ^ 

It  is  well  to  emphasize  once  more  the  fact  that  the  death  of  the  tip 
of  the  primary  root,  and  not  that  of  the  plant  as  a  whole  or  even  of 
the  entire  root,  was  taken  in  these  experiments  as  the  indicator  of  the 
toxic  action  of  solutions.     The  condition  of  the  distal  10  to  20  mm. 

I       ^  -  ■  I II  I    _  ■_■■    l-MIM^ 

I  The  "  shining  white  opaque  appearance  which  is  characteristic  of  all  healthy 
roots  and  which  is  due  to  air  contained  in  theintercellnlar  spaces. "  (Sachs,  Land- 
'wirthsch.  Versnchsst.,  1,  216;  Geeammelte  Abhandl.,  1, 427). 

*Mettenins  [qnoted  by  Wolf  in  Landw.  Versuchsst.,  7,  202,  (1865)]  found  that 
these  spots,  which  appear  on  the  roots  of  both  the  bean  and  maize  when  placed 
tn  solutions  of  magnesium  salts,  are  dne  to  a  coagulation  of  the  contents  of  the 
epidermal  cells,  which  he  did  not,  however,  farther  describe.  Wolf  remarks  that 
they  do  not  appear  npon  plant  roots  in  magnesiam  salt  solutions  if  a  salt  of  potas- 
flitiiu,  ammonium,  or  calcium  be  present. 

<  Sachs  (Arb.  bot.  Inst.  Wurzburg,  1,  411,  412;  Gesammelte  Abhandl.,  2,  800) 
describes  swellings  of  apparently  similar  character  which  developed  npon  roots 
grown  in  moist  air  and  watered  at  long  intervals.  Wolf  [Landw.  Versuchsst.,  6, 
318  (1864)]  found  that  a  concentrated  solution  of  potassium  sulphate  acted  in  the 
same  manner.  **The  root  tips  soon  swell  in  the  solution;  the  form  of  the  root 
finally  resembles  that  of  the  root  of  a  tuber-bearing  plant.  Such  swellings  arise 
in  x>articular  abundance  where  lateral  roots  will  break  through."  The  action  of  a 
one- fourth  per  cent  solution  of  potassium  nitrate  npon  roots  of  Lupimia  albus  as 
deecribed  by  Trne  [Ann.  of  Botany,  9,  374  (1895)]  is  exactly  similar  to  that  of  cal- 
ciozn  chloride.  ''  Swellings  appeared  near  the  tips  and  the  ends  tapered  suddenly 
to  sharp  x>oints.  On  the  other  hand,  the  growth  in  thickness  was  much  greater 
than  normal,  the  radicles  above  the  swellings  reaching  the  size  of  large  radicles 
of  Viciafaba  of  the  same  length." 
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only  was  necessarily  involved.^  In  the  more  dilute  solutions  whidi 
are  still  considered  toxic,  because  destroyii^  the  root  tip,  the  proxi- 
mal portion  of  the  root  and  the  upper  part  of  the  plant  are  often  not 
conspicuously  injured  by  twenty-four  or  forty-eight  hours*  expoBore. 
After  a  certain  lapse  of  time  lateral  roots  are  sometimes  put  fofth 
and  grow  vigorously  in  a  solution  (especially  of  calcium  ehlmde) 
which  had  killed  the  apical  x)ortion  of  the  primary  root. 

This  power  of  gradual  accommodation  on  the  part  of  the  plant  to  a 
solution  which  at  first  checked  its  growth  and  even  destroyed  the 
sensitive  tissues  of  the  root  tip  has  often  been  remarked.  It  is  but  a 
step  from  this  to  the  well-known  fact  that  by  gradually  increasing  the 
strength  of  a  salt  solution  in  which  plants  are  cultivated  they  can  he 
made  to  endure  a  degree  of  concentration  which  would  soon  be  fatal 
if  administered  directly.^  It  follows  that  the  limits  of  endurance  here 
recorded  for  Lupinus  aJbus  are  merely  those  of  its  root  tip,  selected 
as  being  the  most  sensitive  indicator,  and  are  in  some  cases  lower  than 
the  limits  which  would  denote  death  of  the  plant  as  a  whole.  Further- 
more, the  limit  of  endurance  for  the  entire  plant  could  undoubtedly  he 

,  still  further  elevated  by  gradually  increasing  the  strength  of  solution 

'  in  which  the  plants  are  cultivated. 

But  our  present  investigation  aims  merely  at  a  comparison  of  the 
relative  toxicity  of  the  various  '^ alkali"  salts,  to  attain  which  the 
simplest  and  readiest  means  are  to  be  preferred.  A  standard  for 
further  comparisons,  rather  than  a  thorough  investigation  of  the 
problem  in  all  its  ramifications,  is  the  end  of  the  present  x>aper. 

^  This  was  likewise  the  objective  of  the  experiments  of  Kahlenberg  and  Troe 
[Bot.  Gazette,  28, 88,  (1896)].  In  order  to  obtain  results  closely  comparable  with 
theirs,  especially  as  bearing  npon  the  hypothesis  of  electrolytic  dissociation,  their 
mode  of  procedure  has  been  closely  followed  in  this  as  in  other  details.  In  advocacy 
of  this  method  of  determining  toxic  action,  Professor  Trne  vrrites:  '^  Repeated 
experiments  for  years  have  convinced  me  that  the  method  naed  gives  the  most  deli- 
cate and  easily  managed  test  that  I  know  of  for  bulky  objects  like  Lupinus  roots."* 

Coupin  [Rev.  G^n.  de  Botaniqne,  10, 177  (1898)]  criticises  the  work  of  Kahlenberg 
and  True,  previously  quoted,  to  the  effect  that  it  is  impossible  to  accurately  deter- 
mine the  toxic  limit  of  a  solution  in  the  short  period  of  experiment  (twenty-four 
hours)  allowed  by  those  authors.  However,  as  Professor  True  observes,  it  was  not 
the  point  at  which  the  whole  plant  succumbs,  but  that  which  marks  the  death  of 
the  zone  of  growth  in  the  primary  root,  which  formed  the  objective  of  his  experi- 
ments. Coupin's  method  was  to  grow  his  plants  for  several  days  in  the  solutioDS 
to  be  tested,  taking  the  strongest  solution  in  which  the  plant  as  a  whole  continued 
to  grow  after  the  first  few  hours  as  marking  the  limit  of  endurance  (**  Univalent 
toxique*').  It  is  obvious,  therefore,  that  no  direct  comparison  is  possible  between 
the  results  obtained  by  (Doupin  on  the  one  hand  and  by  £[ahlenberg  and  Troe,  as 
well  as  those  here  recorded,  on  the  other,  Coupin's  limits  of  endurance  betog 
necessarily  much  higher. 

'  Thus  Staoge  [Bot.  Zeitung,ftO,  292  (1892)]  found  that  root  tips  of  XiipiniuaaNii 
and  PJiaseolns  vulgaris  soon  died  if  exposed  directly  to  a  0.6  per  cent  solution  of 
potassium  nitrate,  but  by  gradually  increasing  the  concentration  they  oould  be 
made  to  endure  nearly  1  per  cent  without  death  of  the  protoplasm. 


RBSTTLTS  WITH   PURE   SOLUTIONS. 

CDIITIi  PEBHITTINa  SURVIVAL  OP  THK  ROOTS. 

By  applying  the  methods  and  tests  oatUned  above  it  was  possible 
to  determiae  with  a  reasonable  def^ree  of  accuracy  the  limit  of  concen- 
tration for  each  of  the  salts  in  pure  solution  in  which  the  root  tips  of 
young  seedlings  of  whit«  lupine  oould  just  survive.  It  is  believed 
that,  like  conditions  being  maintained  and  the  same  plant  in  the 
fiame  stage  of  development  being  used,  the  limits  will  not  be  materially 
altered  by  further  esperiment.  Moreover,  it  is  regarded  as  not  improb- 
able that  the  salts  will  be  found  toxic  in  about  the  order  stated  below 
if  other  plants  or  other  stages  of  growth  of  the  same  plant  be  tested 
with  them.  The  limit  of  endurance  in  a  solution  of  each  particular 
salt  will  doubtless  be  higher  or  lower  for  different  objects,  but  the 
general  sequence  of  harmfulness  should  remain  practically  unaltered, 
so  far  as  the  higher  plants  are  ooocemed.  Experience  alone  can 
demonstrate  the  correctness  of  this  assumption. 

The  limit  of  concentration  permitting  roots  of  white  lupine  to 
re  tain  their  vitality  during  twenty-four  hours  is,  for  eacli  of  the  more 
important  readily  soluble  "alkali"  salts,  as  follows,  the  limit  being 
stated  both  in  parts  of  salt  per  100,000  of  solution  and  in  fractions  of  a 
normal  solution : 

Tablb  I. — Re»ulti  of  experimenla  wWiparc  aoluHont. 
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NoiTji.— ilj  with  mogneeiam  cblorlde  the  limit  of  enduraace  <for  thv  nhols  plant i,  an  dr?(«r- 
niineii  byCtPUpiu  [EAv.OAn.  deBot.,  W,lstt  i  IMSjl.iaM  percent,  while  wUhmaKneuilum  sulphate 
tbe  limit  iH  1  per  cent,  thus  toTenang  the  order  □[  toxicity  for  the  two  mlta  aa  kIvbd  aVive. 
Wolto  (Landw.  Vor»aohg8t.,<.p.  Sltliiot™  tbestronirlTtoiiCBBrortot  magnesium soliitiomi upon 
rootBof  besn  kod  maize.  Ths  brown  colonktlon 'if  tbesarCace  ol  the  rttdicle,  indaoed  by  Ibme 
"It*  appBarBdji  few  ionrs  after  iKunarBion.    Wolf'a  Huaaestlon  that  Hie  very  poiaonoiiB  effei-t 


UD  ^pbate  may  ba  due  to  tho  decompoaitlc ,  ... 

m  not  be  regarasd  ■•  ptnaoMJog  great  prolmblllty.  Hie  eiperlmeuta.  which  were  desl|{uod 
pHmarily  to  aooertaln  tlis  rolome  of  water  absorbed  by  tbe  plant  from  solatlooa  of  various  talta 
°f  diaennit  ooocwDtratioii,  are  oanBldeTed  b7  Urn  tolndlcata  that  tlie  cell  wall  [eotoplaxmj  Is 
lea  penneable  lo  inlphateB  than  to  other  salts  |1.  c,  p.  317),  L>oew  <Bul.  No,  IK,  Dly.  Veg. 
Plir».andFatb.,p.*S)loiind  that  SptrogvradlBd after  (our  or  flye  days  of  iinmoraion  InftiJ.iper 
I'BBtaohitioiiofmaKiiealamBnlphate.  bat  remained  atlTS  for  along:  period  in  oimlVBlentnolDlloDM 
"!  aolptateii  of  intanliuii.  sodlnm.  and  caldmn.  similarly  a  I  per  cent  nulutlon  of  matni»<ium 
nitntekfUedasBatlerSplraKTrainaii  to  twelve  honra,  while  tbe  nltratiHioCpotwwiaD 
uidatIel«m.ln«i]DtKniBof  corre " •■ "■  ■''"'  — -  •"■-- -i... -.1,.-,.     -wi.- . 


ibatflBlidDiDfaTiita  iDtlmata  conipoiind!i  with  prnCeidB.  and  that  these  ar 
liaUonand  Utaot  tbecell-nncJel  and  chloroplana  of  (he  hlghiT  plaotH.  CoDBeiineDtly.  if  maii- 
n«inm  la  snpplSed  witbont  calolDtn  t->  plants,  eBpeclally  In  the  form  of  readily  Boluhle  nalts,  unr-b 
u  ohlorlde.  nitrate,  and  anlphate.  tbe  Bcida  of  the  maKDealum  mltii  would  be  attratted  by  the 
nalriuni  which  formed  pert  ol  thanaclear  proteld  compounda.  The  latter  wonld  coneequenOy 
be  dlscrraalEed.  maffoeatnm  being  unable  to  take  tbe  place  of  calcinm  In  proteld  compounda 
wlthuntiataldlstorbanoaa  at  egnuibrlnm  in  tho  cell.  AaarldeDi'eforthiBbypotheHinlsadduciid 
IhB  oMTBctlTo  elTeot  of  tbe  addJUon  of  lime  to  either  ooilb  or  culture  Bolntlons  in  which  plants 
uviDlIerlnB  fnnnmunesiampalHonlnB,  and  the Inrther  fact  that  plants  mitrnr  loaa  In  culture 

iun  but  no  ealolom.    It  maat  bo  obHorvedTiioweyer.  that  the  chomlcal  ratlouale  oltbla  theory 
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rests  upon  the  Msamptloii  that  calciiun  is  a  Btronger  base  than  magnednxii,  and  wiO 
greater  attractive  force  upon  acids,  while  it  jj^nores  the  applloation  at  the  mass  law  to  tiba  ffia- 
nrlbatioii  of  an  add  between  two  bases,  which  itself  accounts  very  satiafkctorily  for  the  faets 
obseiTved 

(2)  Of  sodinm  sulphate  Wolf  (Landw.  Versnchsst. ,  6,  pp.  210, 213)  indicates  that  solatlaBia  of  man 
than  OiOSper  cent  are  toxic  to  roots  of  the  bean  (Phaaeohu  vmgaris).  Loeb  [Am.  Joam.  Ffajtid> 
oflT,  8, 8w  (1900)],  foond  sodinm  sulphate  to  be  more  poisonous  than  sodium  chloride  to  soi 
of  a  fish  {Fundulna  heteroditus).  Tnis  he  attributes  to  a  precijiitation  of  caldmn  from  its  loa 
proteid  compounds  in  the  protoplasm,  a  reaction  effected  through  the  sulphiona  dissoeltttod  bf 
sodium  sulphate. 

(3)  The  minimum  toxic  concentration  for  sodium  chloride,  the  same  plant  and  the  same  lasslioda 
being  used,  is  placed  about  three  times  as  high  (one-sixteenth  normal)  by  True  [Amer.  Joan. 
SoL ,  ser.  4,  •»  187  (1901)1.  As  the  experiments  with  sodium  chloride  here  described  were  rcpeattd 
several  times,  without  variation  in  the  result,  no  explanation  for  this  discrepancy  is  apparent. 

Many  experiments  have  been  made  with  sodium  chloride  as  to  its  effects  upon  plants.  It  nav 
be  of  interest  to  refer  to  some  of  those  in  which  limits  of  endurance  have  been  determinen 
especially  as  these  are  in  all  cases  much  higher  than  tliat  given  above  for  rt>ot  tips  of  lA^tmMa 
<ubu$.  Storp  [Bledermann's  Centralbl.,  18,  76  (1884)]  found  that  sodium  chloride  in  a  solatKm  of 
greater  concentration  than  0.01  per  cent  retarded  the  germination  of  seeds.  Eschenhagen  riTebcr 
den  Elnfluss  von  LOsungen  verschledener  Conoentrationen  auf  den  Wachsthum  der  SduzmBei- 
pilze  (1889)],  quoted  by Stange  in  Bot.  Zeltung  (1888,  p.  265), gives  the  following  limits  for  the 
active  growth  of  f  ungri  in  solutions  of  sodium  chloride  and  of  sodium  nitrate: 


Fungus. 


Aspergillns 
PeniciUium 
Botrytis.... 


Per  cent 

sodium 

chloride^ 


Richter  [Ueber  die  Anpassung  der  Stkaswasseralgen  an  KochsalaUSsungen  Flora,  7S,  4  (IdB)] 
found  that  Zygnema  ateUlnum  aentUnumured  two  months  in  a  6  per  cent  solution  o(  sodium 
chloride  added  to  a  culture  solution,  and  more  than  a  year  when  the  sodium  ehlorlde  aolatkm 
was  2  per  cent  or  weaker.  De  Freitag  [Archlv  ftlr  Hygiene,  11, 68  (1890)]  is  autlioricy  for  tbe 
statement  that  Bacillua  tuberctUoHs  lived  three  months,  and  the  typhus  Bacillna  six  maBOks 
in  a  saturated  solationof  sodium  chloride.  CToupin  [B^vue  Ch&n.  de  Botanique,  10,  177  (1MB)] 
obtained  the  following  limits  for  various  plants  in  solutions  of  sodium  chloride: 


Plant. 


Wheat 

Peas 

White  lupine 

Maise 

Vetch 


Percent 

limit  of 

endur- 

anoeu 

Pereeat 
indif- 
ferent 

solntioo. 

1.8 
1.2 
1.2 
1.4 

0.S 

1.1 

According  to  W.  Sigmnnd  [Landw.  VersuclLsst.,  47, 1  (1896)]  the  maximum  ooncentratian  of 
NaCl  solations  endurable  by  germinating  seeds  of  cereals  is  0.5  per  cent,  of  legumes  <L3  per 
cent,  of  rape  0.1  per  cent  Loew  [Bui.  18,  Div.  Veg.  Phys.  and  Path.,  p.  19]  found  that  Sptrogyra 
suffers  in  a  solution  containing  0.5  per  cent  of  sodium  chloride. 

(«)  Carbonic  acid  (HCOs)  is  here  regarded  as  a  monovalent  acid,  so  that  a  gram  molecole 
(instead  of  one-half  of  a  gram  molecule)  to  the  liter  has  been  used  in  m^Mng  np  normal  soln- 
tions  of  sodium  bicarbonate.  To  prevent  inversion  to  the  normal  carbonate  tNavOOi)  [see 
Cameron  and  Briggs,  Bnl.  18,  Div.  of  Soils,  1900;  also  Jour.  Physical  Chem.,  5, 5S7  (1901)]  sofutioiM 
of  the  bicarbonate  were  always  well  charged  with  carbon  dioxide  and  were  tested  for 
hydroxyl  with  phenolphthaleine  before  being  used  in  culture  experiments,  and  again  at  the  end 
of  the  experiment.  It  is  quite  possible,  of  course,  that  a  small  error  was  thus  introduced,  as  the 
carbonic  acid  formed  by  the  dilution  of  carbon  dioxide  in  water  may  have  retarded  somewhat 
the  dissociation  or  ionization  of  the  sodium  hydrogen  carbonate.  It  is  improbable  that  eodium 
hydrogen  carbonate,  unaccompanied  by  the  normal  carbonate,  would  ever  occur  in  nature 
except  in  the  presence  of  an  excess  of  carbon  dioxide,  which  fact  is  a  further  Justiflcation  of 
the  procedure  here  described. 

In  order  to  demonstrate  that  this  excess  of  carbon  dioxide  was  not  in  itself  injurious  to  the 
roots  of  white  lupine,  the  following  simple  check  experiment  was  made:  Carbon  dioxide  was 
forced  into  distilled  water  until  a  saturated  solution  was  obtained.  Plants  were  then  entered  in 
this  solution,  which  was  protected  as  completely  from  loss  of  carbon  dioxide  as  Gircumstanoss 
woald  permit.  After  twenty-four  hours  the  solution  was  tested  with  barium  hydrate,  and  the 
heaviness  of  the  resulting  precipitate  of  barium  carbonate  showed  that  very  much  more  carbon 
dioxide  still  remained  than  is  present  in  ordinary  water.  During  this  period  the  roots  grew 
nearly  as  well  as  In  water  containing  onlv  the  normal  quantity  of  carbon  dioxide.  It  might  be 
supposed  that  a  solution  of  carbon  dioxide  in  water  and  presumably  containing  the  hypothet- 
ical carbonic  acid  must  needs  be  itself  quite  toxic,  as  it  would  be  expected  to  rield  the  hydrocen 
ion  which  recent  investigations  have  shown  to  be  excessively  toxk:.  In  this  connection  some 
work  of  Pf eiff er  [Ann.  Chem.  ( 2) ,  8S,  625  ( 1884)  1  will  prove  interesting.  This  investigation  showed 
that  a  solution  of  carbon  dioxide  is  an  exceedingly  poor  conductor;  that  in  fact  the  hkrbeet  con- 
ductivity ob«i(erved  in  such  solutions  was  only  about  a  thousandth  of  that  wUoh  KoElraasch's 
work  showed  it  should  possess.  Bee  also  Knox  [Ann.  Phys.  Chem.,  54, 44  (1896)]  and  Walker  and 
Cormack  [Journ.  Chem.  Soc.,  77, 5  (1900)]. 

It  would  seem  rational,  therefore,  to  consider  that  carbonic  acid  does  not  exist  itself,  or  at 
least  in  only  minute  quantities  in  solutions  of  carbon  dioxide,  but  is  potentiaUy  preoent  in  its 
constituents  and  only  forms  in  the  presence  of  some  added  influence,  such  as  a  base.  Ati^  ^iy^» 
therefore,  even  a  concentrated  aqueous  solution  of  carbon  dioxide  would  contain  no  hydrmen 
ions,  or  so  very  small  a  quantity  as  to  be  ineffective  against  so  delicate  an  Indiastor  as  a  pCat 
root,  ^ 
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* 

Experiments  to  ascertain  the  limit  of  endurance  in  pure  solutions 
^virere  also  made  with  seedlings  of  alfalfa  {Medicago  saliva).  Although 
al>»olute  limits  for  this  plant  have  not,  as  yet,  been  determined,  they 
Appear  to  be  somewhat  lower  for  every  salt  than  inthecaseof  Z/ti^inti^ 
albtis^  but  more  than  one-half  as  high.  Thus  for  magnesium  sulphate 
tlie  limit  appears  to  lie  between  0.000625  and  0.00125  normal,  while  for 
m&guesium  chloride  the  limit  will  be  found  between  0.00125  and  0.0025 
normal. 

A  g^lance  at  the  preceding  table  shows  very  clearly  that  it  is  the 
liasic  rather  than  the  acid  radicle  of  the  salts  used  which  chiefly  deter-  '• 
mines  their  relative  toxicity.     In  other  words,  the  cathions  derived 
from  these  salts  are  very  much  more  active  in  their  effect  upon  plant 
tissues  than  are  the  anions.     This  is  strikingly  brought  out  by  a 
coin{)arison  among  themselves  of  the  three  chlorides  of  magnesium, 
sodium,  and  calcium,  on  the  one  hand,  and  of  the  chlorides  and 
sulphates  of  magnesium  and  sodium,  respectively,  on  the  other.     In 
tlie  former  case,  although  the  anions  (CI)  are  identical  in  kind  we  find 
mag^nesium  chloride  eight  times  as  toxic  as  sodium  chloride,  and  one 
hundred  times  as  toxic  as  calcium  chloride.     In  the  latter  case,  mag- 
nesium sulphate  is  only  twice  as  toxic  as  magnesium  chloride,   while 
sodium  sulphate  is  little  more  than  twoand  one-half  times  as  injurious 
as  the  corresponding  chloride. 

The  results  with  salts  of  magnesium,  as  compared  with  those  of 
sodium,  confirm  the  results  obtained  by  W.  Wolf,  Loew,  and  others 
as  to  the  strongly  poisonous  qualities  of  the  former  base. 

All  four  of  the  salts  of  sodium  with  which  experiments  were 
made  are  widely  distributed  and  often  very  abundant  in  the  alkali 
regions  of  the  western  United  States.  As  was  to  be  expected,  sodium 
carbonate  or  black  alkali  was  found  to  be  the  most  harmful  of  these, 
but  it  is  not  much  more  injurious  than  sodium  sulphate.  That  the 
latter  is  much  more  poisonous  than  sodium  chloride  is  a  result  not 
altogether  anticipated  at  the  beginning  of  the  investigation.^  As  was 
predicted,  sodium  bicarbonate  proved  to  be  somewhat  less  toxic  than 
sodium  chloride.^ 

As  a  matter  of  fact,  the  limit  of  endurance  in  a  solution  of  sodium 
bicarbonate  is  not  much  higher  in  parts  of  salt  per  100,000  of  water 

1  Stewart  [Ninth  Ann.  Bep.  Utoh  Agr.  Exp.  Sta.  p.  36  (1898)]  fonnd  sodium 
chloride  more  injurious  thau  sodium  sulphate  to  germinating  seeds  of  legumes  and 
cereals. 

*  Very  different  results  from  these  here  recorded  as  to  the  relative  toxicity  of  the 
carbonate  and  bicarbonate  of  sodium  were  obtained  by  Conpin  [R^v.  G^n.  de 
Botanique,  12»  180  (1900)].  Experimenting  with  seedlings  of  wheat,  this  author 
found  that  the  least  concentrated  fatal  solution  ( * '  Equivalent  toxique")  is  1. 1  grams 
per  100  of  water  for  sodium  carbonate,  while  for  the  bicarbonate  it  is  0.6  gram. 
Hence  the  latter  would  be  twice  instead  of  one-fourth  as  poisonous  as  the  former. 
Sigmund  [Landw.  Versnchsst.,  47,  2  (1896)]  found  that  while  NagCOgat  a  concen- 
tration of  0.5  per  cent  killed  germinating  seedlings  of  vetch  and  rape  and  retarded 
the  development  of  wheat  seedlings,  NaHCO,  at  the  same  concentration  was 
harmlesa. 
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and  is  no  higher  in  fractions  of  the  reacting  weight  than  it  is  for 
sodium  chloride.  It  should  be  mentioned,  however,  that  the  plants 
survive  in  a  solution  of  the  bicarbonate  of  the  strength  given  in  the 
table  in  much  better  condition  than  in  the  corresponding  concentra- 
tion of  the  chloride,  so  that  the  latter  must  be  regarded  as  the  more 
harmful  of  the  two  salts.  The  wide  distribution  of  sodium  bicarbon- 
ate and  its  abundance  as  a  component  of  many  alkali  soils  renders 
the  demonstration  of  its  marked  poisonous  effects  upon  vegetation, 
even  when  present  in  comparatively  dilute  solutions,  a  matter  of  no 
little  importance.  Although  much  less  injurious  than  is  the  normal 
carbonate  or  ''black  alkali,"  the  presence  of  this  salt  can  not  be 
neglected  in  future  estimations  of  the  value  of  western  soils. 

An  explanation  of  the  harmful  action  of  sodium  bicarbonate  which 
at  first  suggested  itself  was  that  by  its  dissociation  free  hydrc^en  ions 
are  liberated,  though  the  weight  of  evidence  on  chemical  grounds  is 
rather  against  this  view.^  It  has  been  shown  by  recent  investigators' 
that  it  is  probably  the  hydrogen  ions  dissociated  by  certain  acids 
(especially  the  strong  mineral  acids)  which  make  them  so  injurious  to 
organisms,  even  in  extremely  dilute  solutions.  If  this  were  the  reason 
for  the  toxicity  of  sodium  bicarbonate  it  would  follow  that  water  heavily 
charged  with  carbon  dioxide,  as  in  the  check  experiment  described 
above  (p.  20),  would  prove  similarly  injurious  to  plant  roots  by  reason 
of  the  dissociation  of  hydrogen  ions  by  the  carbonic  acid  (HCO,), 
which  is  supposed  to  be  formed  when  carbon  dioxide  is  dissolved  in 
water.  But,  as  has  already  been  noted,  no  toxic  effect  was  obtained 
with  an  aqueous  solution  of  carbon  dioxide.^ 


I  Walker  and  Cormack,  Jomm.  Ghem.  Soa,  47, 5  (1900)  and  Bodliliider,  Zeit  for 
physik.  Chezn.,  86,  25  (1900). 

''Kahlenberg  and  True,  Bot  Gazette,  8S,  87  (1896);  Heald,  1.  c.,  p.  184;  Loeb, 
Pflfiger*8  Archiv  f.  die  gesammte  Physiologie,  68,  4  to  9  (1888);  Kahlenberg  ^ad 
Austin,  Jonm.  of  Physical  Chem.,  €,  558  (1900);  Trae,  Amer.  Jonm.  ScL  ser.  4, 1^ 
188  (1900). 

*  There  exists  among  plant  phyBiologists  some  diversity  of  opinion  as  to  the  direct 
effect  of  large  quantities  of  carbon  dioxide  upon  the  growtli  of  roots.    The  sub- 
ject is  evidently  one  which  needs  a  more  thoroughgoing  investigaticHi,  not  only 
from  a  scientific  standpoint,  bat  from  economic  reasons  also,  as  it  is  inliinately 
connected  mth  tillage  and  drainage  problems.    For  an  extended  discoasion  of  this 
question  see  Lopriore  in  Jahrb.  ftr  wiss.  Botanik,  88, 581  (1895).    The  author  men- 
tions that  Boehm  found  roots  of  the  bean  {Phciseoltu  vulgaris),  when  exposed  to 
an  excess  of  carbon  dioxide,  to  be  shorter,  and  the  lateral  roots  fewer,  than  is 
ordinarily  the  case.    Jentys  [Bui.  Internat  Acad.  Sci.  Oacovie,  1892, 306  (1888)], 
found  that  by  passing  atmospheric  air  to  which  had  been  added  4  to  13  per  cent  of 
carbon  dioxide  through  the  soil  of  culture  pots,  an  injurious  effect  upon  the  roots 
of  the  bean  and  the  yellow  lupine  could  be  detected,  although  the  injury  was 
less  than  in  Boehm 's  experiments.    On  the  other  band,  wheat  was  practicslly 
unharmed.    Lopriore  (i  c,  p.  638),  concludes  that  carbon  dioxide  in  excess  has  a 
hindering  but  not  a  permanently  injurious  influence  upon  the  functions  of  proto- 
plasm.    This  effect  is  not  ascribable  to  the  absence  of  oxygen,  bat  is  specifics 
Plant  oeUs  can  gradually  accommo<late  themselves  to  a  quantity  of  carbon  dioxide, 
which,  if  applied  directly,  would  injure  them.    Lopriore's  experiments  weie  made 
chiefly  with  Muoor,  yeast,  and  pollen  grains  and  tubes. 
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As  there  is  probably  but  a  small  difference  in  the  amount  of  sodinm 
ions  yielded  by  sodium  chloride  and  by  sodium  hydrogen  carbonate, 
at  the  dilutions  here  involved,  the  difference  in  their  toxicity  observed 
must  in  all  probability  be  ascribed  mainly  to  the  anions. 

It  is  likely  that  the  great  toxicity  of  normal  sodium  carbonate  is 
largely  due  to  the  hydroxyl  ions  resulting  from  the  hydrolysis  of 
this  salt.  In  the  case  of  the  bicarbonate  of  sodium  in  all  the  experi- 
ments involving  its  use,  and  described  in  this  paper,  hydrolysis  was 
avoided  by  dissolving  carbon  dioxide  in  the  solution  in  amounts  suf- 
ficient to  prevent  any  inversion  to  the  normal  carbonate,  a  reaction 
which  would  necessarily  result  were  hydrolysis  of  the  bicarbonate 
permitted.^  Since  it  seems  reasonably  certain  that  HCO3  ions  are  not 
toxic,  the  toxic  influence  of  the  sodium  bicarbonate  solutions  could 
be  safely  attributed  to  the  sodium  ion  alone  were  it  not  for  the  fact 
that  toxic  solutions  of  this  salt  produce  the  peculiar  *^  clearing  "  effect 
upon  plant  tissues  which  is  well  known  in  the  case  of  the  normal  car- 
bonate of  sodium  and  of  the  hydrates  of  potassium  and  of  sodium. 
This  effect  is  very  different  from  that  caused  by  other  salts  of  sodium, 
e.  g.,  the  sulphate  and  the  chloride. 

Calcium  chloride  was  found  to  be  ten  times  less  injurious  than  is 
sodium  chloride.  For  this  reason,  and  because  it  rarely  predominates 
in  areas  of  any  considerable  size,  this  salt  can  not  be  regarded  as, 
under  ordinary  circumstances,  a  dangerous  component  of  alkali  soils. 
As  we  shall  presently  see,  there  is  reason  to  believe  that  it  can  in 
many  cases  be  a  highly  beneficial  component  of  the  soil. 

Attention  should  be  directed  to  the  fact  that  the  figures  given  in 
the  above  table  represent  only  approximate  results,  the  determination 
of  the  absolute  limit  for  each  salt  depending  theoretically  upon  the 
testing  of  an  almost  infinite  number  of  concentrations.  Thus,  as  a 
rule,  solutions  of  a  concentration  of  0.2,  0.15,  0.1,  0.075^  0.050,  etc., 
normal  were  employed,  although  more  numerous  intermediate  concen- 
trations, e.  g.,  of  0.2000,  0.1825,  0.1750,  etc.,  normal  could  have  been 
tested.  However,  it  is  doubtful  whether  the  reaction  upon  plant 
tissues  of  finer  differences  could  be  detected,  and  it  is  believed  that 
for  all  practical  purposes  a  sufficient  number  of  concentrations  was 
used.  As  has  already  been  noted,  the  limits  of  endurance  in  the  case 
of  different  salts  are  not  of  precisely  equal  value,  the  roots  not  sur- 
viving in  all  in  exactly  the  same  condition.  Thus  I'oots  which  survived 
after  twenty-four  hours  in  a  0.005  normal  solution  of  sodium  carbonate 
presented  a  perfect  appearance  and  grew  vigorously  in  distilled  water 
during  a  subsequent  period  of  twenty- four  hours.  On  the  other  hand, 
roots  which  endured  a  0.25  normal  solution  of  calcium  chloride  pre- 
sented a  markedly  abnormal  aspect  at  the  end  of  twenty-four  hours,  and 
made  little  subsequent  growth  when  transferred  to  water.     Likewise 

'See  paper  on  Equilibrium  between  Normal  Carbonates  and  Bicarbonates  in 
Aqueous  SdittioDs,  Cameron  and  Briggs.  Bnl.  18,  Div.  Boils,  U.  S.  Department 
of  Agriculture  (1901);  Jonr.  Physical  Chem.,  6,  587  (1901). 


24 

roots  survived  in  better  condition  in  0.0075  normal  sodiam  sulphate  than 
in  0.02  normal  sodiam  chloride  solution.  It  was  found  much  easier  to 
determine  sharply  the  limit  of  endurance  for  sodium  carbonate  and 
sodium  bicarbonate  than  for  other  salts,  as  in  0.005  and  0.02  normal 
solutions  of  the  two  carbonates,  respectively,  all,  or  nearly  all,  roots 
survived  in  apparently  perfect  condition,  while  in  0.0075  and  O.OrJo 
normal,  respectively,  all  roots  were  killed  and  symptoms  of  advanced 
disorganization  were  apparent  after  twenty-four  hours. 

CONCENTRATION  MINIMUM  PROHIBITING  ELONGATION   OP  BOOTS. 

A  comparison  of  the  seven  salts  above  enumerated  in  regard  to  the 
degree  of  concentration  of  each  in  which  absolutely  no  elongation  of 
the  roots  occurred  during  twentj'-four  hours  is  interesting,  as  illus- 
trating how  far  this  point  is  removed  from  that  of  the  minimum  con- 
centration which  is  still  toxic.  It  will  be  seen  that  the  position  of  the 
salts  in  this  scale  does  not  at  all  correspond  with  their  sequence  in 
the  table  of  limits  of  endurance.  In  many  cases,  especially  when  the 
solution  was  still  more  concentrated,  not  only  no  increase  of  length 
but  a  positive  shrinkage  of  0.5  to  2  mm.'  was  detected. 

Table  IL — Concentrations  which  absolutely  prevent  growth. 


Name  of  salt 


Sodium  carbonate  ... 
Sodium  bicarbonate . 
Magnesium  chloride . 

Sodium  chloride  a 

Sodium  sulphate 

Culctum  chloride 

Magnesium  sulphate 


Concentration  of 

solution. 

Parts  perl 

100,0110  of  KormaL 

solution. 

300 

aos 

417 

.06 

060              .2 

i,iao 

.8 

1.410 

.8 

1,652 

.s 

1,680 

.3 

a  According  to  Pfeffer  (PflanzenphysioloKie,  Ed.  2, 1,  414)  a  culture  solution  to  which  eooogh 
potassium  nitrate  or  sodium  chloride  is  added  to  render  it  isosmotic  with  a  2  per  cent  potaasiain 
nitrate  or  1.7  per  cent  sodium  chloride  solution  causes  a  ceasatlon  of  growth  m  ordinary  plants 
while  an  increase  to  3  i>er  cent  is  necessary  to  prevent  growth  in  halophytes. 

It  is  impossible  to  reconcile  this  sequence,  as  compared  with  that  of 
Table  I,  with  the  notion,  which  still  appears  to  find  advocates,  that  the 
injurious  effect  of  these  salt  solutions  is  merely  a  function  of  their 
osmotic  pressures.  If  any  fresh  evidence  were  needed  to  disprove  this 
assumption  it  is  afforded  by  the  fact,  very  clearly  brought  out  in  the 
present  investigations,  that  marked  toxic  effects  frequently  api>ear 
long  before  loss  of  turgor  has  manifested  itself  or  cessation  of  growth 
has  occurred.  It  is  certain  that  no  useful  conclusions  as  to  the  degree 
of  toxicity  of  a  solution  can  be  drawn  from  its  osmotic  pressure. 

True  [Bot.  Gazette,  26, 407  (1898)J  calls  attention  to  the  difficulty  of 
distinguishing  the  purely  chemical  from  the  merely  osmotic  (plasmo- 

>  In  some  solutions  this  loss  of  length  due  to  plasm olysis  was  as  great  as  that  f  oimd 
by  Sachs  in  roots  which  were  exposed  for  thirty  minutes  to  the  dry  air  of  a  room. 
(Arb.  bot.  In0t.  WOrzborg,  1,  396;  Q^sammelte  Abhandl.,  9,  784,  785.) 
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lyzing)  effect  of  a  salt  solution.  He  experimented  with  Spirogyra  in 
order  to  obtain  means  of  making  such  distinction,  comparing  its 
behavior  in  a  solution  of  cane  sugar,  which  is  believed  to  x>ossesB  no 
chemically  toxic  properties,  with  that  in  solutions  of  sodium  chloride 
and  potASsium  nitrate.  The  maximum  concentration  of  the  sugar 
solution  in  which  life  could  be  maintained  was  determined  to  be  0.75 
normal.  Allowing  for  differences  of  dissociation,  0.46  normal  should 
then  be  the  maximum  endurable  concentration  of  a  sodium  chloride 
solution  if  only  its  osmotic  pressure  were  involved.  In  fact,  however, 
0.1  normal  was  found  to  be  the  actual  limit,  so  that  a  definite  toxic 
action  of  sodium  chloride  must  be  admitted  (loc,  cit.,  p.  410).^ 

Were  the  injurious  action  of  these  solutions  attributable  to  plas- 
molysis  alone,  an  approximately  equal  amount  of  elongation  should 
take  place  in  solutions  of  different  salts,  if  each  solution  contain  an 
equal  fraction  of  a  gram  equivalent  to  a  given  amount  of  water,  grant- 
ing that  the  dissociation  of  each  salt  was  equally  great  at  the  given 
concentration,  as  would  be  approximately  true  for  strong  electrolytes 
at  the  concentrations  here  used;  for  elongation  and  growth  in  general 
are  intimately  connected  with  the  turgor  conditions  of  the  tissues,* 
which,  in  turn,  depend  upon  the  osmotic  force  exerted  by  the  sur- 
rounding solution.  That  force  being  equal  for  each  of  two  solu- 
tions, the  turgor  and  the  amount  of  elongation  of  the  roots  immersed 
in  each  should  also  be  equal  if  osmosis  were  the  only  factor  involved. 
That  this  is  not  the  case  is  sufficiently  established  by  the  figures  given 
in  Table  II. 

RESULTS  WITH  LESS  SOLUBLE   SALTS. 

Besides  the  easily  soluble  alkali  salts  a  few  others  were  used  in 
experiments,  i.  e.,  calcium  sulphate  [CaS04]  calcium  carbonate 
[CaCOg],  calcium  bicarbonate  [Ca(HC08)2],  and  the  carbonate  and 
bicarbonate  of  magnesium  [MgCOg  and  Mg(HC08)2].  These  were 
found  to  be  either  toxic  in  a  very  slight  degree,  indifferent,  or  posi- 
tively stimulating  to  growth. 

*  From  Trae*8  resnlts  it  is  clear  that  at  the  concentrations  involved  in  onr  experi- 
ments with  pure  solutions  the  toxic  effect  observed  must  in  every  case  be  referred 
to  action  of  a  chemical  rather  than  a  purely  physical  nature.  In  some  of  the 
mixed  solutions,  such  as  the  very  concentrated  ones  containing  calcium  sulphate, 
it  may  be  that  their  osmotic  pressure  determines  the  limit  of  endurance  of  the 
plant  roots. 

'  For  example  that,  except  perhaps  in  rare  instances,  growth  can  not  be  resumed 
after  an  interruption  (such  as  is  occasioned  by  transference  of  plants  from  one 
medium  to  another)  unless  the  turgor  of  the  plant  or  the  organ  concerned  is  nearly 
or  quite  normal,  was  shown  by  Curtis  [Bui.  Torr.  Bot.  Club,  27,  1  (1900)]  in  the 
case  of  mycelia  of  Mucor,  Botrytis,  and  Penicillium,  grown  in  a  plasmolyzing 
Bolution  (4  per  cent  potassium  nitrate).  As  this  author  expresses  it,  **  there  is  a 
necessity  of  a  certain  turgor  force  before  growth  is  possible,  and  growth  can  not 
occur  until  a  turgor  pressure  has  been  reached  which  is  normal  to  the  plant  grow- 
ing in  the  given  solution.''    (Loo.  cit.,  p.  11.) 
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In  a  (necessarily  dilute)  solution  of  gypsum,  which  contained  a  con- 
siderable quantity  of  the  undissolved  salt  in  suspension,  the  plaatB 
grew  decidedly  more  vigorously  than  in  pure  water.' 

In  a  saturated,  but  necessarily  very  dilute,  solution  of  normal  cal- 
cium carbonate  [CaOOs],  roots  of  Lupinus  elongated  nearly  twice  as 
much  and  remained  in  decidedly  better  condition  during  twenty-four 
hours  than  in  distilled  water.  This  solution  gave  a  faint  redaction  for 
hydroxyl  (with  phenolphthaleine)  at  the  beginning  of  the  experi- 
ment, but  none  at  the  end  of  twenty-four  hours,  doubtless  because  of 
the  production  of  carbonic  acid  through  the  excretion  of  earlxm 
dioxide  by  the  roots.  But  a  solution  of  calcium  bicarbonate 
[Ca(HC03)2],  made  by  saturating  a  portion  of  the  same  calcium  car- 
bonate solution  with  carbon  dioxide,  permitted  only  about  one-third 
as  much  growth  of  the  roots  as  took  place  in  distilled  water.  Their 
condition. was  decidedly  abnormal  at  the  end  of  twenty-four  hoars, 
even  the  turgor  being  poor.* 

Magnesium  carbonate  [MgOO,],  in  a  solution  which  gave  a  strong 
hydroxyl  reaction  with  phenolphthaleine,  allowed  the  roots  to  grow 
about  as  rapidly  as  in  distilled  water  and  to  remain  in  about  normal 
condition.  On  the  other  hand,  a  portion  of  the  same  solution  to 
which  an  excess  of  carbon  dioxide  was  added  and  in  which  no  free 
hydroxyl  could  be  detected  (either  before  or  after  the  experiment) 
exerted  a  strongly  toxic  action  upon  the  roots.  These  made  practi- 
cally no  growth  during  twenty- four  hours;  their  turgor  became 
decidedly  inferior,  and  there  occurred  a  marked  discoloration  of 
brownish  spots,  such  as  is  produced  by  the  readily  soluble  mag- 
nesium salts.  Here  it  is  obviously  a  case  of  a  greater  amount  of 
magnesium  in  solution,  owing  to  the  presence  of  carbon  dioxide  in 


*  The  stimnlatiDg  effect  which  lime  often  exercises  upon  the  growth  of  phuls  is 
too  well  known  to  reqaire  illustration.  The  presence  of  calcium  salts  in  consid- 
erable quantity  leads  to  a  more  vigorous  production  of  root  hairs  than  is  normally 
the  case,  as  I'isu  easily  be  demonstrated  by  culture  experiments,  in  which  only  the 
tip  of  the  root  is  immersed  in  the  calcium  salt  solution.  On  the  surface  of  Uie  root 
above  the  solution  a  great  number  of  unusually  long  root  hairs  appear.  To  this 
effect  of  the  presence  of  lime,  and  the  consequent  readier  absorption  of  potansinm 
and  ammonium  salts  from  the  soil,  Loew  attributes  in  part  the  benefits  obtained 
by  liming.  (Bui.  No.  18,  Div.  Veg.  Phys.  and  Path.,  U.  S.  Department  of  Agricul- 
ture, p.  48. )  That  calcium  salts  directly  stimulate  growth,  apart  from  the  produc- 
tion of  root  hairs,  is,  however,  shown  by  cultures  with  the  root  entirely  immersed 
in  an  aqueous  solution,  thus  precluding  any  important  development  of  these  organs. 

^Schloesing's  investigations  [Comptes  rendus,  74, 1552  (1872)]  showed  that  1(X),000 
parts  of  pure  water,  i.  e. ,  free  from  dissolved  carbon  dioxide,  would  dissolve  about 
1.3  parts  of  calcium  carbonate.  Tread  well  and  Renter  [Zeit  f€br  anorg.  Chem., 
89, 28  (1900)]  showed  that  by  increasing  the  pressure  of  the  carbon  dioxide  in 
the  gas  phase  in  contact  with  the  solution  until  it  was  one  atmosphere,  the  soln- 
bihty  was  increased  so  that  100,000  parts  of  water  would  dissolve  116  parts  of 
calcium  carbonate.  Even  at  this  extreme  solubility  there  would  be  but  46  parts 
of  calcium  per  100,000  of  water,  as  against  about  60  parts  in  a  saturated  solution  <^ 
calcium  sulphate,  in  which  plants  thrive  well. 
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excess.^    Why  the  corresponding  calcium  solution  should  also  hinder 
growth  can  not  be  satisfactorily  explained  at  present. 

RESULTS  WITH  MIXED  SOLUTIONS. 

Upon  comparing  the  limits  of  endurance  for  lupine  roots  in  pure 
solutions  of  the  "alkali"  salts  with  the  limits  determined  by  the 
methods  employed  in  a  field  survey,  it  became  obvious  that  the  for- 
mer were  vastly  lower  than  the  latter;  and  that  furthermore  the  order 
of  toxicity  of  the  several  salts  as  fixed  by  investigators  in  the  field 
difiFei-ed  greatly  from  that  obtained  by  experiments  in  the  laboratory. 
This  was  strikingly  the  case  with  magnesium  sulphate,  which  is 
decidedly  the  most  toxic  of  the  seven  salts  when  alone  in  a  pure 
aqueous  solution,  but  which  is  regarded  as  the  least  injurious  by 
students  of  alkali  soils.  But  it  was  recalled  that  none  of  these  salts 
usually  occurs  in  any  notable  quantity  in  the  soil  save  in  the  pres- 
ence of  one  or  several  others,  both  of  the  readily  soluble  salts  and  of 
the  comparatively  insoluble  magnesium  carbonate,  calcium  carbonate, 
and  calcium  sulphate.  The  key  to  the  discrepancy  appeared  there- 
fore to  lie  in  mixtures  of  the  various  salts,  and  the  study  of  these 
became,  logically,  the  next  step  in  the  investigation. 

In  experimenting  with  mixed  solutions  it  was  planned  to  test  every 
possible  combination  of  two  of  the  readily  soluble  salts  with  which 
experiments  were  made  in  gure  solutions.  Another  line  of  experi- 
ments, from  which  were  obtained  results  which  are  believed  to  be  of 
considerable  scientific  interest  and  from  an  economic  point  of  view 
to  indicate  one  of  the  possible  solutions  of  the  alkali  soil  problem,  con- 
sisted in  combining  each  of  the  readily  soluble  salts  with  each  of 
three  difficultly  soluble  ones — calcium  sulphate,  calcium  carbonate, 
and  magnesium  carbonate.  The  only  triple  mixtures  so  far  tried  are 
those  of  each  readily  soluble  salt  (except  calcium  chloride)  with  cal- 
cium sulphate  and  calcium  carbonate.  Sodium  bicarbonate  was 
tested  only  in  this  triple  mixture. 
Although  the  work  with  mixtures  of  salts  is  by  no  means  com- 


1  Tread  well  and  Renter  [Zeit.  fttr  anorg.  Chem.,  17,  199  (1898)]  showed  that  at 
15^  C.  and  nnder  a  partial  preesnre  of  carbon  dioxide  in  the  vapor  phase  eqnal  to 
zero,  pnre  water  dissolves  abont  63  parts  of  magnesium  carbonate  per  100,000. 
With  a  partial  pressure  of  carbon  dioxide  in  the  vapor  phase  eqnal  to  one  atmos- 
phere there  was  dissolved  about  1,211  parts  magnesium  hydrogen  carbonate, 
equivalent  to  698  parts  of  the  normal  carbonate  per  100,000  of  solution.  It  is  thus 
seen  that  the  solubility  is  enormously  increased  by  the  presence  of  carbon  dioxide. 
Cameron  and  Briggs  [Bui.  18,  p.  22,  Division  of  Soils,  U.  S.  Department  of  Agricul- 
tnre  (1900)]  showed  that  a  solution  of  magnesium  carbonate  in  solution  in  equi- 
librinm  with  ordinary  air  contained  about  18  parts  of  magnesium  in  100,000  of 
Bolnticm,  which  might  have  been  expected  to  be  enough  to  prohibit  growth  in  view 
of  the  toxidty  of  solutions  of  magnesium  chloride  and  magnesium  sulphate.  It 
Bhonld  be  further  noted  that  it  was  shown  that  6  parts  of  the  dissolved  magnesium 
was  combined  as  the  normal  carbonate,  so  that  the  solution  contained  more  than 
appreciable-amounts  of  OH  ions,  resulting  from  the  hydrolysis  of  this  latter  salt. 
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pleted,  the  data  thus  far  obtained  throw  so  much  light  on  the  whole 
subject  of  alkali  soils,  and  go  so  far  to  account  for  the  fact  that  the 
limits  of  endurance  of  plants  in  pure  solutions  of  the  various  salts 
are  low  as  compared  with  those  determined  from  the  observations 
of  survey  parties  in  the  field,  that  it  seems  advisable  to  present 
them  here. 

In  the  case  of  mixtures  of  two  readily  soluble  salts,  solutions  of 
each,  of  twice  the  desired  concentration,  were  mixed  in  equal  vol- 
umes. Where  one  of  the  salts  is  a  comparatively  insoluble  one,  it 
was  added  in  solid  form  to  a  solution  of  definite  concentration  of  the 
soluble  one,  and  the  mixture  was  then  diluted  to  the  i-equired  con- 
centration, as  though  the  more  soluble  salt  alone  were  present,  (llie 
source  of  error  incurred  by  this  method  was  considered  so  sli^^ht  as 
to  be  practically  negligible.)  The  mixture  was  then  allowed  to 
stand  for  a  week  or  ten  days  with  frequent  shaking,  in  order  to  bring 
it  to  equilibrium  before  using.  In  all  mixtures  of  magnesium  car- 
bonate and  of  calcium  carbonate  alone  with  other  salts,  the  undis- 
solved residue  was  removed  by  filtraticm.  Likewise  in  earlier  experi- 
ments with  calcium  sulphate  added  to  other  salts,  the  residue  was 
removed,  but  in  those  upon  which  are  based  the  limits  given  in  the 
tables  it  was  retained.  In  all  cases  where  both  calcium  sulphate  and 
calcium  carbonate  were  added,  the  undissolved  residue  remained 
during  the  culture.  The  difference  in  limit  due  to  the  presence  or 
absence  of  a  solid  excess  was,  however,  usually  imperceptible,  and 
always  slight. 

In  every  case  the  object  was  to  ascertain  how  far  the  limit  of  endur- 
ance for  the  roots  in  the  presence  of  the  more  toxic  salt  could  be 
raised  by  addition  of  one  that  is  less  injurious.  Although  the  con- 
centration of  solution  of  the  latter  is  invariably  stated,  if  it  be  a 
readily  soluble  salt,  it  is  the  concentration  of  solution  of  the  more 
poisonous  salt  as  denoting  a  corresponding  limit  of  endurance  to 
which  attention  is  chiefly  directed.  It  is  interesting  that  in  cases 
where  both  of  the  salts  mixed  are  readily  soluble  ones  the  less  toxic 
salt  appears  usually  to  be  more  effective  in  neutralizing  the  more 
toxic  one  when  added  in  concentration  somewhat  above  rather  than 
below  that  in  which  plant  roots  will  endure  it  when  alone.  Thus,  in  a 
mixture  containing  equal  volumes  of  0.0075  normal  sodium  carbonate 
and  0.01  normal  sodium  sulphate,  roots  of  two  plants  survived,  but  all 
died  when  the  mixture  contained  0.0075  normal  sodium  carbonate  and 
only  0.005  normal  sodium  sulphate.  Also  a  majority  of  the  roots 
could  retain  their  vitality  in  a  mixture  containing  equal  volumes 
of  0.0025  normal  magnesium  sulphate  and  of  0.01  normal  sodium 
sulphate,  but  not  in  0.0025  normal  magnesium  sulphate  plus  0.005 
normal  sodium  sulphate.  Similar  results  were  obtained  by  adding 
sodium  sulphate  to  magnesium  chloride  and  sodium  chloride  to  mag- 
nesium sulphate.  The  reverse  was  true,  however,  in  the  mixtures  of 
magnesium  chloride  and  sodium  chloride,  the  less  concentrated  solu- 
tion of  the  latter  proving  more  benefioiaL 
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The  concentrations  nre  stated,  as  in  preceding  tables,  both  in  parts 
of  salt  to  100,000  of  solution  and  in  fractions  of  a  normal  solution. 

In  the  following  tables  of  the  effects  of  mixtures  each  of  the  more 
soluble  alkali  salts  (excepting  sodium  bicarbonate)  is  taken  up  in 
succession  in  the  order  of  its  toxicity  in  pure  solution.  The  neutral- 
izing effect  is  expressed  in  terms  of  the  greatest  concentration  of  the 
more  toxic  salt  endurable  in  the  presence  of  the  less  toxic  one.  As 
the  determination  of  the  value  of  a  less  injurious  salt  in  neutralizing 
a  more  toxic  one  was  the  objective  of  all  experiments  with  mixtures, 
it  follows  that  the  number  of  added  salts  decreases  successively  from 
table  to  table.  For  comparison,  the  limit  of  endurance  for  the  more 
toxic  salt  in  pure  solution  is  stated  at  the  head  of  the  table.  The 
details  of  neutralizing  effect  upon  each  salt  are  taken  up  in  connec- 
tion with  its  respective  table,  while  a  discussion  of  the  general  sig- 
nificance of  the  whole  series  of  exx)eriments  with  mixtures  of  two 
solutions  is  appended. 

The  results  embodied  in  Tables  III  to  IX  were  obtained  from  experi- 
ments with  Lupinus  aJbtts  only.  In  Table  X,  however,  the  limits 
are  given  for  both  Lupinus  alhus  and  Medicago  sativa  (alfalfa)  in 
solutions  of  each  readily  soluble  salt  (excepting  calcium  chloride)  in 
the  presence  of  an  excess  of  calcium  sulphate  and  calcium  carbonate 
together. 

MAGNESIUM  SULPHATE  IN  MIXTURES. 

The  following  table  shows  the  results  of  experiments  with  Lupinus 
in  solutions  of  magnesium  sulphate  with  other  salts  added : 

Table  III. — Limits  for  magnesium  sulphate  in  mixtures. 


Name  of  salt  added. 


Ncme   

Maffnesiam  chloride 

Soaimn  carbonate 

Sodinm  sulphate 

Sodium  chloride 

Calcium  chloride :. 

Macrneeium  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest 

endurable 

concentration    o  f 

magnesium    sul- 

phate. 

Infrac 

tions  of  a 

normal 

solution. 

In  parts 
perlOO^OOO 
of  solution. 

0.00125 

7 

.000086 

3.5 

.00126 

7 

.00075 

Zl 

.0076 

42 

.2 

1,120 

.01 

56 

.OB 

112 

.6 

3,360 

.4 

2,240 

Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.0026 
.0026 
.01 
.015 
.2 

Saturated. 

Saturated. 

Saturated. 

Saturated. 


In  parts  per 
lOOOOO  of 
solution. 


12 
13 
80 
87 
1,101 

Saturated. 

Saturated. 

Saturated, 

Saturated. 


In  the  light  of  figures  given  above,  the  enormous  discrepancy  between 
the  results  obtained  by  experiments  with  this  salt  in  pure  solution  and 
the  limit  determined  by  field  survey  is  completely  obliterated.  For 
in  alkali  lands  magnesium  sulphate  is  rarely,  if  ever,  found  in  any 
quantity  except  in  the  presence  of  calcium  sulphate;  and  it  is  com- 
monly accompanied  by  both  sodium  and  calcium  sulphate  (the  Billings, 
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Mont.,  type  of  alkali  soil^).  Addition  of  sodium  sulphate,  which  is 
itself  so  injurious  in  a  pure  solution,  raises  the  limit  for  magnesinm 
sulphate  three  times,  while  the  presence  of  calcium  sulphate  allows  a 
small  proportion  of  the  roots  to  barely  surviv^e  during  twenty-four 
hours  in  a  solution  of  magnesium  sulphate  480  times  as  concentrated 
as  that  which,  in  pure  solution,  represents  the  limit  of  endurance.  A 
careful  comparison  was  made  between  0.3  and  0.4  normal  solutions  of 
magnesium  sulphate,  both  in  the  absence  and  the  presence  of  an  excess 
of  calcium  sulphate,  five  individuals  of  Lupintisalbus  being  cultivated 
for  48  hours  in  each  of  the  four  solutions.  The  following  table  gives 
the  results: 

Table  IV. — Magnesium  sulphate  uoith  and  loitJuyut  ctdcium  suiphate. 


Solationn. 

Averaee 
elongauon 

of  the 
marked  por- 
tion of  the 
root. 

General  condition  of  the  rootew 

MMmfwiTiin  ffnlpliAte  (O.'tTionnal) 

MiUinitrters. 
0.7 

10.2 

.3 
13.0 

Extremely  flaccid,  and  discokired 

Magneslam  sulphate  (0.8  normal)  -f  calcinm 
sulphate. 

Maffnesium  sulphate  (0. 4  normal) 

withbrownmh  blotches;  extreme- 
ly plasmolyzed. 

Turgor  normal;  plasmolvsis  none: 
but  all  roots  quite  badly  discol- 
ored. 

About  as  in  0. 3  normal. 

Magnesium  sulphate  (0. 4  uormal)  +  calcium 
sulphate. 

all  but  one  root  quite  oadly  dis- 
colored. 

In  both  pure  solutions  the  protoplasm  of  the  nearly  isodiametric 
cells  of  the  periblem  was  completely  withdrawn  from  the  cell  wall  and 
collected  with  the  nucleus  in  a  compact  mass  near  the  center  of  the  cell; 
while  in  both  solutions  to  which  calcium  sulphate  had  been  added 
no  trace  of  plasmolyzing  action  could  be  detected  in  the  cells  of  the 
periblem,  the  protoplasm  being  closely  applied  to  the  wall,  vrith  large 
vacuoles  in  the  older  cells,  and  the  nucleus  usually  peripheral.  Pre- 
cautions were  taken  while  preparing  the  sections  to  keep  the  tissues 
immersed  in  the  culture  solution,  and  the  absence  of  plasmolysis  in 
the  roots  taken  from  the  solutions  containing  calcium  sulphate  is 
sufficient  evidence  that  the  pure  solutions  had  produced  this  effect 
during  the  period  of  culture  rather  than  after  withdrawal.' 

*  See  Whitney  and  Means,  Bui.'  14,  Div.  Soils,  U.  S.  Department  of  Agricaltore 
(1898),  and  Cameron,  Bnl.  17,  p.  32,  Div.  Soils,  U.  S.  Department  of  Agricaltnre 
(1901). 

^Wolf's  observation  (see  footnote,  p.  40)  that  both  Ca  (NO,),  and  Mg  (NO,), 
are  readily  absorbed  by  plant  roots  when  mixed  together,  while  neither  is  readily 
absorbed  from  a  pare  solution,  renders  it  highly  probable  that  in  this  case  of  a 
mixture  of  MgSO^  and  CaSO^  it  is  the  rapid  endosmosis  of  the  salts  into  the  cells 
of  the  plant  roots  which  prevents  plasmolysis  of  the  latter.  In  short  this  mixture 
is  to  be  compared  with  those  substances  described  by  Overton  [Vierteljahrsschr. 
Naturf.  Gessells  ch.  Zurich  40, 1  (1895)]  which  produce  only  transient  plasmolysis, 
owing  to  their  more  or  less  rapid  passage  through  the  ec^toplasm  into  the  cell  sap. 
As  determined  by  De  Vries  [Jahrb.  fiir  wiss.  Botanik,  14,  537  (1884)],  a  1.8  per 
cent  solution  of  magnesium  sulphate  (which  would  correspond  to  our  0.3  normal 
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In  the  presence  of  both  calclnm  sulphate  and  calcium  carbonate 
added  in  excess  to  a  solution  of  magnesium  sulphate,  the  limit  of 
endurance  is  only  two-thirds  as  high  as  when  calcium  sulphate  alone 
is  added. 

Calcium  as  the  chloride  has  also  a  powerful  effect  in  neutralizing  the 
toxicity  of  magnesium  sulphate.  But  here  the  addition  of  a  new 
anion  (CI),  besides  the  added  cathion  (Ca),  seems  to  diminish  the 
beneficial  effect  of  the  latter,  since  the  chloride,  although  a  readily 
8olal>le  salt,  raises  the  limit  for  magnesium  sulphate  only  one-third  as 
much  as  does  the  little-soluble  calcium  sulphate.  In  a  mixture  of 
calcinm  chloride  and  magnesium  sulphate  a  crystalline  precipitate  of 
calcium  sulphate  separates  slowly  or  rapidly  in  proportion  to  the  con- 
centration of  the  solutions,  so  that  the  case  becomes  that  of  the 
contact  of  solid  calcium  sulphate  with  a  solution  of  magnesium  chlo- 
ride. As  would  be  expected,  the  limit  of  endurance  for  magnesium 
sulphate  plus  calcium  chloride  is  the  same  as  that  for  magnesium 
chloride  plus  calcium  sulphate  (Table  V). 

Sodium  salts  are  very  much  less  effective  in  neutralizing  magnesium 
sulphate  than  are  salts  of  calcium.  In  the  case  of  sodium  salts  it  is 
the  chloride  which  is  most  effective,  so  that  here  we  seem  to  have  a 
beneficial  effect  of  the  anion  as  well  as  of  the  cathion.  Yet  the  absence 
of  any  neutralizing  effect  when  magnesium  chloride  is  added  to  mag- 
nesium sulphate  shows  that  the  CI  ions  alone  are  ineffective. 

In  one  case  the  addition  of  a  salt  with  a  common  basic  ion — i.  e., 
magnesium  carbonate — raises  the  limit  of  endurance  in  magnesium 
sulphate  eigiit  times.  ^  By  a  simple  process  of  elimination,  since 
magnesium  ions  are  ineffective  in  the  form  of  magnesium  chloride 
when  added  to  magnesium  sulphate,  although  chlorine  ions  appear 
to  have  in  themselves  some  neutralizing  value  when  added  as  sodium 
chloride,  we  are  compelled  to  attribute  the  beneficial  influence  of 
magnesium  carbonate  to  COg,  or  more  probably  HCO3,  ions,  a  point  to 
which  we  will  return  in  discussing  the  stimulating  effect  of  dilute 
solutions  of  sodium  carbonate  and  sodium  bicarbonate.  Noteworthy 
is  the  fact  that  calcium  carbonate,  although  much  less  soluble  than 
the  corresponding  salt  of  magnesium,  is  twice  as  effective  an  anti- 
dote for  magnesium  sulphate.  This  affords  another  striking  proof  of 
the  great  efficacy  of  calcium  as  a  remedy  for  magnesium  poisoning. 


solution),  is  the  isotonic  equivalent  of  a  0.1  normal  solution  of  potassium  nitrate, 
which  is  usually  taken  as  the  unit  in  measurements  of  osmotic  pressure  of  solu- 
tions. True  [Bot.  Gazette,  2S,  p.  410  (1896)]  found  that  plasmolysis  of  Spirogyral 
cells  in  a  KNO,  solution  first  appeared  at  a  concentration  of  0.25  normal.  De 
Vries*  results  seem  to  indicate  that  the  osmotic  value  of  each  component  in  a 
mixed  solution  (of  two  or  three  salts)  is  equal  to  that  of  the  respective  compo- 
nent when  present  alone  at  the  given  concentration,  a  point  not  in  accord  with 
well-established  facts. 

*  The  roots  barely  survive  in  x>oor  condition  in  a  0.01  normal  magnesium  sul- 
phate solution  plus  an  excess  of  magnesium  carbonate;  but  in  0.005  normal  magne- 
sium sulphate  solution  plus  magnesium  carbonate  some  of  the  roots  were  perfectly 
normal  after  a  twenty-four  hours*  culture. 
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MAONBSICM  CHLORIDE  IN  MIZTUBE6. 


The  results  of  experiments  with  magnesium  chloride  in  mixtorce 
with  other  salts  are  shown  in  the  following  table: 

Table  V .—Limits  for  magnesium  chloride  in  mixtures. 


Greatest    endurable 
concentration  of 
magnesium  chloride. 

Concentration  of  tlie 
salts  added. 

Name  of  salt  added. 

Infrac- 
tions of  a 
normal 
solution. 

In  parts 
permOOO 
of  solu- 
tion. 

In  fractions 

of  a  normal 

solution. 

In  parts  per 
l(JS[a»cf 
solntioiL 

None     - - 

0.0025 
.0025 
.01 
.01 
.1 

.0025 
.04 
.2 
.2 

12 

12 

48 

48 

480 

12 

192 

900 

960 

Sodium  carbonate 

0.00375 

.01 

.02 

.15 
Saturated. 
Saturated. 
Saturated. 
Saturated. 

19.5 

Sodium  sulvhate  

80 

Sodium  cluoride -....- 

Ui 

Calciom  <^Woride --  -, 

as 

Ma^fwium  carbonate 

Satoiatsd. 

Calcium  carbonate 

SatoiBted. 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 

Saturated. 
Satuzatad. 

In  the  alkali  soils  of  the  Western  United  States  ihagnesiam  chloride 
rarely  occurs  in  such  large  quantities  as  to  be  regarded  as  more  than 
secondaiy  in  importance.^ 

As  in  tlie  case  of  magnesium  sulphate,  calcium  is  found  to  be  much 
more  effective  than  sodium  in  neutralizing  magnesium,  but  here  cal- 
cium chloride  is  relatively  more  effective  than  with  magnesium  sul- 
phate, raising  the  limit  for  magnesium  chloride  one-half  (instead  of 
only  one-third)  as  far  as  does  calcium  sulphate.  But  calcium  is  much 
less  effective  with  the  chloride  than  with  the  sulphate  of  magnesium, 
as  is  evident  from  the  relative  ef&cacy  of  calcium  sulphate  in  raising 
the  limits  of  endurance  of  the  two  magnesium  salts.  Hence  we  have 
here  another  indication  (as  in  the  case  of  calcium  chloride  added  to 
magnesium  sulphate)  that  chlorine  ions  by  their  presence  lower  the 
neutralizing  efficacy  of  calcium;  although  in  the  absence  of  the  latter 
base,  magnesium  chloride  is  only  one-half  as  toxic  as  is  magnesium 
sulphate.  While  the  beneficial  effect  of  calcium  sulphate  upon  mag- 
nesium sulphate  is  decreased  by  the  addition  of  an  excess  of  calcium 
carbonate,  the  presence  of  the  carbonate  does  not  affect  the  value  of 
calcium  sulphate  as  an  antidote  to  magnesium  chloride. 

While  calcium  carbonate  is  equally  effective  in  raising  the  limits 
of  the  two  soluble  magnesium  salts  (sixteen  times),  magnesium  car- 
bonate, which  raised  the  limit  of  magnesium  sulphate  eight  times, 

'  Magnesium  rarely  makes  its  specific  effects  upon  plant  life  felt  in  the  "  alkali*' 
soils,  owing  to  the  omnipresence  there  of  considerable  calcimn  salts.  In  certain 
areas  of  the  Eastern  States,  notably  in  the  so-called  *'  serpentine  barrens'*  of  Penn- 
sylvania and  Maryland,  it  appears  to  be  relatively  more  important,  probably 
because  it  is  there  present  in  excess  over  calcium,  although  the  actnal  amount  of 
both,  which  may  be  present  in  the  soil  solntions  at  any  given  time,  most  be 
extremely  small. 
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has  no  effect  upon  magnesium  chloride.  As  it  appears  to  be  neces- 
sary to  regard  the  HCO3  ^^^^  ^*  *^^  effective  element  in  the.  former 
combination,  we  must  conclude  that  these  act  beneficially  in  the 
presence  of  Mg  and  SO4,  but  are  i>owerless  in  the  presence  of  Mg  and 
CI.  But  as  calcium  carbonate  is  equally  effective  as  an  antidote  to 
magnesium  chloride  and  to  magnesium  sulphate,  it  would  follow  that 
the  power  of  CI  ions  to  hinder  the  effect  of  HCOg  ions  disappears  in 
the  presence  of  Ca  ions,  while,  as  already  noted,  CI  ions  appear  to 
diminish  the  value  of  Ca  ions  as  an  agency  for  counteracting  Mg  ions. 
Comparisons  such  as  these  show  how  difficult  it  is  to  attempt  an 
interpretation  of  toxicological  phenomena  in  the  light  of  current 
chemical  and  physiological  ideas.  Possibly  determinations  of  the 
solubility  and  degree  of  dissociation  of  these  different  salts  in  mix- 
tures may  afford  some  clue  to  the  numerous  anomalies.  On  the  other 
hand,  it  is  difficult  to  see  any  justification  for  using  the  reactions  of 
organisms  in  determining  the  dissociation  constants  of  electrolytes. 
The  many  nonconcordant  results  recently  described  in  the  literature 
can  hardly  be  regarded  as  throwing  discredit  upon  the  dissociation 
hypothesis,  but  rather  as  demonstrating  the  unsatisfactory  nature  of 
the  method  emplo^^ed  for  the  investigation  in  hand. 

Sodium  sulphate  and  sodium  chloride  are  equally  effective  in  rais- 
ing the  limit  of  magnesium  chloride  (four  times).  The  former  is  more 
effective,  and  the  latter  decidedly  less  so,  than  in  the  case  of  magne- 
sium sulphate,  so  that  the  anions  (CI,  SO4)  and  not  alone  the  cathions 
(Mg,  Na)  appear  to  make  their  influence  felt  in  these  cases. 

SODIUM  CARBONATE  IN  MIXTURES. 

Table  VI  shows  results  of  experiments  with  mixtures  of  other  salts 
with  sodium  carbonate: 

Table  VI. — Liniitsfor  sodium  carbonate  in  mixtures. 


Name  of  salt  added. 


None - 

Sodinm  sulphate 

Sodium  chloride 

Calcium  chloride 

Mairnesinm  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Qreatest  ( 

endurable 

coucentrati 

on  of 

sodium  carbonate. 

In  frac- 
tions of  a 
normal 
solution. 

In  parts 

per  100,000. 

solution. 

0.006 

26 

.0076 

ae 

.0025 

13 

.25 

i,aoo 

.01 

52 

.0075 

30 

.08 

156 

.03 

156 

Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.01 
.01 
.25 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


In  parts  per 
100,000  of 
solution. 


80 

58 

1.377 

Saturated. 

Saturated. 

Saturated. 

Saturated. 


As  the  above  table  shows,  sodium  chloride  is  ineffective  as  an  anti- 
dote to  sodium  carbonate;  calcium  carbonate  barely  raises  the  limit 
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of  endurance,  while  magnesium  carbonate  merely  doubles  it.  It  is 
intei'esting  that  magnesium  carbonate  should  here  be  more  effective 
than  the  corresponding  salt  of  calcium,  since  in  all  other  cases  the 
latter  is  the  more  beneficial.^  Sodium  sulphate  is  likewise  of  very 
little  neutralizing  value,  and  the  soluble  salts  of  magnesium  possess 
none  so  far  as  was  ascertained.  Calcium  sulphate  raises  the  limit 
only  six  times,  the  presence  or  absence  of  an  excess  of  calcium  car- 
bonat'C  not  affecting  the  value  of  the  sulphate.  This  comparatively 
slight  efficacy  of  calcium  sulphate  in  neutralizing  '^  black  alkali''  is 
rather  surprising  in  view  of  the  accepted  ideas  of  students  of  alkali 
soils  in  regard  to  the  curative  value  of  gypsum.^  The  comparative 
inefficacy  of  calcium  sulphate  in  this  case  contrasts  strikingly  with 
its  power  to  neutralize  sodium  in  the  forms  of  sulphate  (Table  VII) 
and  chloride  (Table  VIII). 

Calcium  chloride  is  the  only  salt  found  to  be  very  effective  in 
neutralizing  sodium  carbonate,  raising  the  limit  of  endurance  for  the 
latter  fifty  times.  A  mixture  of  solutions  of  the  two  salts  causes  an 
immediate  heavy  precipitate  of  calcium  carbonate,  to  which  fact  the 
efficacy  of  the  added  salt  must  be  largely  ascribed.  We  should  be 
dealing  in  this  case  with  a  solution  of  sodium  chloride  containing  a 
large  excess  of  calcium  carbonate.  Yet  by  direct  addition  of  solid 
calcium  carbonate  to  a  solution  of  sodium  chloride,  the  limit  of  endur- 
ance for  the  latter  can  be  raised  only  three  times,  i.  e.,  to  0.06  normal 
(see  Table  VIII).  Here  again  chemistry  appears  to  be  powerless  to 
afford  an  explanation  of  a  phenomenon  which,  in  the  present  state 
of  our  knowledge,  must  be  regarded  as  paradoxical.* 

A  very  noteworthy  result  was  obtained  by  experiments  with  sodium 
carbonate,  as  well  as  with  sodium  bicarbonate,  in  the  presence  of  an 
excess  of  calcium  sulphate  and  calcium  carbonate.  In  solutions  of 
critical  concentration  of  both  of  these  mixtures  a  majority  of  the 
roots  of  the  lupine  plants  were  completely  destroyed  with  pronounced 


'  The  probability  of  the  formation  of  a  doable  carbonate,  with  a  consequent 
lowering  of  the  active  mass,  as  well  as  a  probable  change  of  nature  of  the  iozis, 
snggests  itself  very  forcibly  in  this  connection.  It  is  hoped  that  time  and  oppor- 
tunity will  be  foand  in  the  near  future  to  test  this  supposition  in  the  laboratory. 

« Hilgard,  Bui.  128,  Agr.  Exp.  Sta.,  Univ.  Calif., pp.  16  to  18  (1900).  It  should  be 
stated,  however,  that  Hilgard  recommends  the  application  of  gypsum  under  phys- 
ical conditions  which  would  not  probably  be  considered  analogous  to  thoee  under 
which  the  experiments  here  described  were  performed. 

^  In  marked  contrast  with  this  anomalous  case  is  that  of  the  mixture  of  magne- 
sium sulphate  and  calcium  chloride,  in  which  a  precipitate  of  calcium  sulphate  is 
formed  and  which  is  therefore  to  be  regarded  as  a  solution  of  magnesium  chloride 
containing  a  solid  excess  of  calcium  sulphate.  Here  the  limit  of  endurance  is  the 
same  as  when  solid  calcium  sulphate  is  added  directly  to  a  solution  of  magnesium 
chloride.  The  same  thing  is  true  of  a  mixture  of  sodium  sulphate  and  calcium 
chloride  in  which  the  limit  of  endurance  is  the  same  as  for  sodium  chloride  plus 
calcium  sulphate. 
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corrosion  due  presumably  to  the  action  of  hydroxyl  ions,  while  a 
smaller  number  survived  in  apparently  perfect  condition,  and  this 
occurred  in  repeated  experiments.  In  critical  solutions  of  other  salts 
and  mixtures  of  salts,  however,  thei*e  was  rarely  such  sharp  differ- 
ence in  appearance  between  roots  which  survived  and  those  which 
died  during  twenty-four  hours'  culture;  as  a  rule  none  of  the  roots 
were  in  normal  condition  at  the  end  of  the  experiment.  In  other 
words,  the  difference  of  individual  plants  in  their  jwwer  to  resist  toxic 
action  appears  to  be  more  pronounced  in  the  case  of  the  two  carbonates 
of  sodium  than  of  other  '^alkali  salts."  This  would  indicate  that  the 
selection  of  plants  for  resistance  to  '^  black  alkali "  offers  a  simpler 
problem  than  where  resistance  to  other  components  of  alkali  soils  is 
to  be  sought. 


SODIUM  SULPHATE  IN  MIXTURES. 


Experiments  with  sodium   sulphate  in  mixtures  with  other  salts 
show  the  following  results: 

Table  VII. —Limits /or  sodium  sulphate  in  mixtures. 


Name  of  salt  added. 


None >. 

Sodinm  chloride 

Galdnm  chloride 

Maflrneeinm  carbonate 

Caldam  carbonate 

Calcium  sulphate 

Calciam  snlphate  and  calcinm  carbonate  a 


Greatest  endurable 
concentration  of 
aodium  snlphate. 


In  frac- 
tions of  a 

normal 
solution. 


0.0075 
.00875 
.2 
.08 
.04 
.5 
.3 


In  parts 
per  100,000 
of  solution. 


58 

20.6 

1,272 

212 

281 

8.530 

1,906 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


0.01 
.2 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


In  parts  per 
100,000  of 
solution. 


58 
1,102 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


a  See  BuL  17.,  p.  22  et  seq.,  Division  of  Soils,  U.  S.  Department  of  AKriculture,  1901. 

Sodium  sulphate  is  very  abundant  in  *' alkali"  soils,  often  occurring 
in  contact  with  each  or  several  of  the  other  salts.  In  the  Billings, 
Mont.  9  type,  for  example,  it  is  accompanied  by  the  sulphates  of  mag- 
nesium and  calcium,  while  in  the  Fresno,  CaL,  type  it  is  in  contact  with 
sodium  carbonate. 

Most  effective  for  neutralizing  this  salt  is  calcium  sulphate,  which 
raises  the  limit  more  than  sixty  times  when  added  alone.  In  the 
presence  of  an  excess  of  calcium  carbonate,,  however,  calcium  sul- 
phate can  increase  the  limit  of  endurance  for  sodium  sulphate  only 
about  forty  times.  This  is  probably  due  to  a  forcing  back  of  the  dis- 
sociation  and  decrease  of  solubility  of  the  calcium  sulphate  by  the 
calcium  carbonate,  although,  as  Cameron  and  Seidell  *  have  shown, 
either  salt  is  rather  soluble  in  dilute  solutions  of  sodium  sulphate. 

>  Solntion  Stndies  of  Salts  Occurring  in  Alkali  Soils,  Bnl.  IS,  Diyision  of  Soils, 
U.  S.  Department  of  Agricnltnre. 
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As  in  the  case  of  all  the  other  salts  except  sodiom  carbonate,  cal 
cium  chloride  is  less  effective  than  calcium  salphate,  raising  the  limit 
only  twenty-seven  times.  In  this  case,  as  in  the  mixture  of  calcium 
chloride  with  magnesium  sulphate,  a  crystalline  precipitate  of  calcium 
sulphate  is  formed,  so  that  it  actually  becomes  a  case  of  the  contact 
of  calcium  sulphate  with  a  solution  of  sodium  chloride,  and  the  same 
limit  was  obtained  by  a  direct  test  of  this  latter  mixture.  Calcium 
carbonate  is  much  less  effective  in  neutralizing  sodium  sulphate  than 
in  counteracting  the  toxic  action  of  magnesium  salts. 

Calcium  sulphate  is  more  effective  as  an  antidote  to  sodium  sulphate 
than  to  any  other  salt  tried  except  magnesium  sulphate.  In  both 
these  cases  the  anion  of  the  added  salt  is  the  same  as  that  of  the  more 
toxic  one;  hence  the  cathions  alone  seem  to  oper2),te.  Possibly  a  dou- 
ble salt  of  sodium  and  calcium  is  formed  in  this  mixture.  Since  cal- 
cium sulphate  is  much  less  efScacious  in  neutralizing  the  chlorides  of 
magnesium  and  sodium  than  the  corresponding  sulphates,  while  it  is 
generally  more  beneficial  than  is  calcium  chloride,  it  seems  almost 
certain  that  the  beneficial  action  of  Ca  ions  is  in  some  way  hindered 
by  the  presence  of  CI  ions.  That  CI  ions  are  in  themselves  less  toxic 
than  are  SO^  ions  would  appear  from  the  fact  that  the  chlorides  of 
magnesium  and  of  sodium  are  less  injurious  in  pure  solution  than  are 
the  corresponding  sulphates. 

SODIUM  CHLORIDE  IN  MIXTURES. 

Experiments  with  sodium  chloride  in  mixtures  with  other  salts 
jdelded  the  results  shown  in  the  following  table: 

Table  Vm. — Limits  for  sodium  chloride  in  mixtures. 


Name  of  salt  added. 


None , 

Calcium  chloride 

Magnesium  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest  endurable 
concentration  of 
sodium  chloride. 


Infrac- 
tions of  a 

normal 
solution. 


In  parts 
per  lOaOOO 
of  solution. 


lid 
1,160 

348 

i,iao 
i.ieo 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


In  parts  per 

looiooooc 

solution. 


0.2 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


1.101 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


Sodium  chloride  is  probably  the  most  widely  distributed  and  gen- 
erally abundant  of  the  soluble  components  of  alkali  soils,  occurring 
practically  wherever  the  land  is  notably  impregnated  with  these 
noxious  salts.  *  As  the  above  table  shows,  calcium  sulphate  and  cal- 
cium chloride  are  equally  effective  in  neutralizing  the  toxicity  of 
sodium  chloride,  although  in  the  case  of  sodium  sulphate  and  the 


'  A  notable  exception  is  the  BiUings  area  in  Montana. 
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soluble  salts  of  magnesium,  the  former  is  decidedly  more  beneficial 
than  the  latter. 

As  in  the  case  of  magnesium  chloride,  the  presence  of  calcium 
carbonate  does  not  affect  the  neutralizing  value  of  calcium  sulphate, 
although  decidedly  diminishing  it  in  the  case  of  magnesium  sulphate 
and  sodium  sulphate.  It  has  been  shown  by  Cameron  and  Seidell^ 
that  an  excess  of  solid  calcium  carbonate  has  but  a  very  slight  effect 
on  the  solubility  of  calcium  sulphate  in  sodium  chloride  solutions  at 
the  concentrations  here  involved.  And  from  the  general  resemblance 
between  the  phenomena  presented  by  calcium  sulphate  in  contact 
with  sodium  chloride  and  magnesium  chloride  solutions,  it  is  proba- 
ble that  calcium  carbonate  would  have  a  like  effect  in  the  latter  cases. 
It  is  to  be  regretted  that  laboratory  investigations  of  the  solubility  of 
solid  calcium  carbonate  and  calcium  sulphate  in  contact  with  solu- 
tions of  soluble  sulphates  have  not  yet  been  made. 

CALCIUM  CHLORIDE  IN  MIXTURES. 

In  the  experiments  with  calcium  chloride  in  mixtures  "with  other 
salts  the  following  results  were  obtained: 

Table  IX. — Limits  for  calcium  chloride  in  mixtures. 


Name  of  salt  added. 


Oreatest  endurable 
concentration  of 
calcium  chloride. 


Concentration  of  the 
saltfl  added. 


hi  frac- 
tions of  a 

normal 
Bulntion. 


None 

Maini«*8iam  carbonate. 

Calcinm  carbonate. 

Calcium  ealphate 


I 


0.25 
.25 
.25 
aO.3 


In  parts 
permooo 
of  solution. 


1,877 
1,377 
1,377 
1,662 


In  fractions 

of  a  normal 

solution. 


Saturated. 
Saturated. 
Saturated. 


In  parts 

permooo 

of  solution. 


Saturated. 
Saturated. 
Saturated. 


a  About. 

Calcium  chloride  is  quite  generally  distributed  in  alkali  soils,  being 
usually  present  in  small  patches  wherever  sodium  chloride  is  abun- 
dant. As  would  be  expected  from  the  relatively  very  high  concentra- 
tion of  the  pure  solution  of  this  salt  endured  by  roots  of  the  white 
lupine,  the  limit  can  not  be  materially  raised  by  the  addition  of  other 
salts. 

SODIUM  BICARBONATE  IN  MIXTURES. 

Sodium  bicarbonate  was  t^st-ed  in  mixture  only  with  calcium  sul- 
phate and  calcium  carbonat<e  together,  which  raised  its  limit  of  endur- 
ance two  and  one-half  times  (see  Table  X).  It  usually  occurs  in 
nature  in  contact  with  the  normal  sodium  carbonate. 

CALCIUM  SULPHATE  AND  CALCIUM  CARBONATE  IN  MIXTURES. 

In  the  tables  of  limits  of  endurance  in  mixtures,  as  in  those  of  pure 
solutions,  the  figures  do  not  perfectly  state  the  case.     For  example. 


1  Bol.  18,  Division  of  Soils,  U.  S.  Department  of  Agricnlture  (1901). 
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As  in  the  case  of  all  the  other  salts  except  sodiam  carbonate,  eal 
cium  chloride  is  less  effective  than  calcium  sulphate,  raising  the  limit 
only  twenty-seven  times.  In  this  case,  as  in  the  mixture  of  calcium 
chloride  with  magnesium  sulphate,  a  crystalline  precipitate  of  calcium 
sulphate  is  formed,  so  that  it  actually  becomes  a  case  of  the  contact 
of  calcium  sulphate  with  a  solution  of  sodium  chloride,  and  the  same 
limit  was  obtained  by  a  direct  test  of  this  latter  mixture.  Calcium 
carbonate  is  much  less  effective  in  neutralizing  sodium  sulphate  than 
in  counteracting  the  toxic  action  of  magnesium  salts. 

Calcium  sulphate  is  more  effective  as  an  antidot<e  to  sodium  sulphate 
than  to  any  other  salt  tried  except  magnesium  sulphate.  In  both 
these  cases  the  anion  of  the  added  salt  is  the  same  as  that  of  the  more 
toxic  one ;  hence  the  cathions  alone  seem  to  operate.  Possibly  a  dou- 
ble salt  of  sodium  and  calcium  is  formed  in  this  mixture.  Since  cal- 
cium sulphate  is  much  less  efScacious  in  neutralizing  the  chlorides  of 
magnesium  and  sodium  than  the  corresponding  sulphates,  while  it  is 
generally  more  beneficial  than  is  calcium  chloride,  it  seems  almost 
certain  that  the  beneficial  action  of  Ca  ions  is  in  some  way  hindered 
by  the  presence  of  CI  ions.  That  CI  ions  are  in  themselves  less  toxic 
than  are  SO^  ions  would  appear  from  the  fact  that  the  chlorides  of 
magnesium  and  of  sodium  are  less  injurious  in  pure  solution  than  are 
the  corresponding  sulphates. 

SODIUM  CHLORIDE  IN  MIXTURES. 

Experiments  with  sodium  chloride  in  mixtures  with  other  salts 
yielded  the  results  shown  in  the  following  table: 

Table  VIII. — Limits  for  sodium  chloride  in  mixtures. 


Name  of  salt  added. 


None 

Calcium  chloride 

Magnesium  carbonate 

Calcium  carbonate 

Calcium  sulphate 

Calcium  sulphate  and  calcium  carbonate 


Greatest  endurable 
cone  entration  of 
sodium  chloride. 


Infrac- 
tions of  a 

normal 
solution. 


In  parts 
perloaoOO 
of  solution. 


116 
1,100 

zasi 

348 
1,1(K) 
1,100 


Concentration  of  the 
salts  added. 


In  fractions  In  iMrtii  per 

of  a  normal .     100,000  of 

solution.     I     solution. 


0.S 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


I 


1.101 
Saturated. 
Saturated. 
Saturated. 
Saturated. 


Sodium  chloride  is  probably  the  most  widely  distributed  and  gen- 
erally abundant  of  the  soluble  components  of  alkali  soils,  occurring 
practically  wherever  the  land  is  notably  impregnated  with  these 
noxious  salts.  ^  As  the  above  table  shows,  calcium  sulphate  and  cal- 
cium chloride  are  equally  effective  in  neutralizing  the  toxicity  of 
sodium  chloride,  although  in  the  case  of  sodium  sulphate  and  the 


'  A  notable  exception  is  the  Billings  area  in  Montana. 
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soluble  salts  of  magnesium,  the  former  is  decidedly  more  beneficial 
than  the  latter. 

As  in  the  case  of  magnesium  chloride,  the  presence  of  calcium 
carbonate  does  not  affect  the  neutralizing  value  of  calcium  sulphate, 
although  decidedly  diminishing  it  in  the  case  of  magnesium  sulphate 
and  sodium  sulphate.  It  has  been  shown  by  Cameron  and  Seidell' 
that  an  excess  of  solid  calcium  carbonate  has  but  a  very  slight  effect 
on  the  solubility  of  calcium  sulphate  in  sodium  chloride  solutions  at 
the  concentrations  here  involved.  And  from  the  general  resemblance 
between  the  phenomena  presented  by  calcium  sulphate  in  contact 
with  sodium  chloride  and  magnesium  chloride  solutions,  it  is  proba- 
ble that  calcium  carbonate  would  have  a  like  effect  in  the  latter  cases. 
It  is  to  be  regretted  that  laboratory  investigations  of  the  solubility  of 
solid  calcium  carbonate  and  calcium  sulphate  in  contact  with  solu- 
tions of  soluble  sulphates  have  not  yet  been  made. 

CALCIUM  CHLORIDE  IN  MIXTURES* 

In  the  experiments  with  calcium  chloride  in  mixtures  with  other 
salts  the  following  results  were  obtained: 

Table  IX. — Limits  for  calcium  chloride  in  mixtures. 


Name  of  salt  added. 


Oreateet  endurable 
concentration  of 
calcinm  chloride. 


ibi  frac- 
tions of  a 

normal 
solution. 


None 

Mai^RSlnm  carbonate. 

Calcinm  carbonate 

Calcium  sulphate 


0.25 
.25 
.25 
aO.3 


In  parts 
per  100,000 
of  solution. 


l,3n 
l,3n 
1,377 
1,652 


Concentration  of  the 
salts  added. 


In  fractions 

of  a  normal 

solution. 


In  parts 

per  100,000 

of  solution. 


Saturated. 
Saturated. 
Saturated. 


Saturated. 
Saturated. 
Saturated. 


a  About. 

Calcium  chloride  is  quite  generally  distributed  in  alkali  soils,  being 
usually  present  in  small  patches  wherever  sodium  chloride  is  abun- 
dant. As  would  be  expected  from  the  relatively  very  high  concentra- 
tion of  the  pure  solution  of  this  salt  endured  by  roots  of  the  white 
lupine,  the  limit  can  not  be  materially  raised  by  the  addition  of  other 
stilts. 

SODIUM   BICARBONATE  IN  MIXTURES. 

Sodium  bicarbonate  was  tested  in  mixture  only  with  calcium  sul- 
phate and  calcium  carbonate  together,  which  raised  its  limit  of  endur- 
ance two  and  one-half  times  (see  Table  X).  It  usually  occurs  in 
nature  in  contact  with  the  normal  sodium  carbonate. 

CALCIUM  SULPHATE  AND  CALCIUM  CARBONATE  IN  MIXTURES. 

In  the  tables  of  limits  of  endurance  in  mixtures,  as  in  those  of  pure 
solutions,  the  figures  do  not  perfectly  state  the  case.     For  example. 


» Bui.  18,  Division  of  Soils,  U.  S.  Department  of  Agriculture  (1901). 
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although  the  limit  of  endurance  in  sodium  carbonate  plus  magnesinm 
carbonate  is  0.01  normal,  while  for  sodium  sulphate  plus  magnesinm 
carbonate  it  is  0.03  normal,  the  proportion  of  individual  seedlings 
whose  roots  survive  in  good  condition  is  decidedly  greater  in  the  latter 
mixture  than  in  the  former. 

None  of  the  readily  soluble  salts  occurs  abundantly  in  alkali  soils 
save  in  the  presence  of  calcium  sulphate  or  calcium  carbonate,  and 
most  often  in  contact  with  both.  Hence  it  follows  that  the  limits  of 
endurance  for  the  more  soluble  salts  in  the  presence  of  these  two  salts 
of  calcium,  as  obtained  bj^  means  of  wat«r-culture  experiments, 
should  agree  closely  with  the  limits  determined  by  soil  investigators. 
This  proved  to  be  the  case,  due  allowance  being  made  for  the  influ- 
ence of  the  physical  properties  of  a  soil  as  compared  with  an  aqueous 
solution. 

The  following  table  serves  to  bring  together,  for  ready  comparison, 
the  limit  of  endurance  for  roots  of  both  white  lupine  and  alfalfa  in 
solutions  of  six  of  the  easily  soluble  salts  to  which  a  solid  excess  of 
both  calcium  sulphate  and  calcium  carbonate  was  added,  the  mixtures 
being  brought  to  equilibrium  before  using. 

Table  X. — ResuUs  with  mixtures  containing  ttvo  caJcium  aalts. 


Name  of  salt. 


Limits  for  Inpine 
(Lupinufs  albas). 


Limits  for  sUalfb 
(MedicasosatlTa).^ 


Parts  per 
100, 000  of 
solution. 


Magnesium  snlphate 
Macrnesium  chloride. 
Sooiam  carbonate . .. 

Sodium  snlphate 

Sodium  chloride 

Sodium  bicarbonate . 


2.S40 

900 

166 

2,1«0 

1,160 

417 


Normal 
solution. 


Parts  per 
100.000of 
solution. 


Normal 
sdutiaii. 


0.4 
.2 
.08 
.3 
.2 
.05 


1.960 

960 

101 

2,160 

1,160 

667 


0.2» 
.2 

.01 

.6 

• 

.08 


a  In  the  case  of  alfalfa  a  few  roots  barely  survive  in  0.c5  and  in  0.8  normal  macnaesium  sulphate, 
while  in  0.25  normal  they  make  a  noteworthy  amount  of  growth  duriug  forty-eight  hours.  ^  In 
0.2  normal  sodium  sulphate  they  make  a  decided Iv  better  growth,  and  in  0.L  normal  sodiam 
chloride  two  and  one- half  times  as  much  growth  as  in  the  water  control. 

The  close  correspondence  between  the  whitic  lupine  and  alfalfa  in 
their  resistance  to  the  effects  of  these  mixed  solutions  is  worthy  of 
note,  especially  as  alfalfa  appears  to  be  more  sensitive  than  the  lupine 
to  pure  solutions.  The  onl}'  serious  discrepancy  occurs  in  the  mix- 
ture of  sodium  bicarbonate,  calcium  sulphate,  and  calcium  carlwnate, 
to  which  alfalfa  roots  ap|)ear  to  be  nearly  twice  as  resistant  as  are 
those  of  white  lupine. 

That  in  the  neutralizing  effect  upon  more  toxic  salts  which  these 
two  relatively  insoluble  salts  exert  calcium  sulphate  plays  a  much 
more  important  part  than  does  calcium  carbonate  is  obvious  from  a 
comparison  of  the  limits  of  endurance  in  solutions  to  which  either 
calcium  sulphate  or  calcium  carbonate  alone  has  been  added.  Indeed, 
in  the  case  of  magnesium  sulphate  and  of  sodium  sulphate  the  limit 
of  endurance  is  decidedly  lower  in  the  presence  of  both  calcium  salts 
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than  when  calcium  sulphate  alone  is  added.  On  the  other  hand,  the 
presence  or  absence  of  calcium  carbonate  appears  to  have  no  effect 
upon  the  neutralizing  value  of  calcium  sulphate  when  added  to  mag- 
nesium chloride,  sodium  chloride,  or  sodium  carbonate. 

An  interesting  comparison  is  that  of  the  soluble  salts,  one  with 
another,  in  respect  to  their  degree  of  toxicity  in  pure  solution  on  the 
one  hand,  and  in  the  presence  of  an  excess  of  calcium  sulphate  and 
calcium  carbonate  on  the  other.  It  will  be  observed  that  the  sequence 
in  the  first  column  is  very  different  from  that  in  the  second.  The 
most  toxic  salt  or  mixture  is  placed  at  the  head  of  each  column. 

Table  XI. — Order  of  toxicity  taith  and  tcithmU  ccUdtim  Halts, 


In  pure  solution: 

Magnesium  sulphate. 
Mi^nesinm  chloride. 
Sodium  carbonate. 
Sodium  sulphate. 
Sodium  chloride. 
Sodium  bicarbonate. 
Calcium  chloride. 


In  preeenoe  of  an  excess  of  CaSO^  and  CaCOs.*  a 
Sodium  carbonate. 
Sodium  bicarbonate. 
Maflrnesinm  chlorlde.6 
Sodium  chloride  b 
Calcium  chloride. 
Sodium  sulphate. 
Magnesium  sulphate. 


a  It  has  already  been  sneffested  that  the  limit  in  some  of  these  highly  concentrated  solutions 
containing  an  excess  of  calcium  salts  may  bear  some  relation  to  the  osmotic  pressure  of  the 
solution.  It  is  therefore  not  a  mere  coincidence,  perhaps,  that  the  sequeuje  in  this  column  is 
almost  identical  with  that  in  Table  II  (of  concentrations  precluding  any  growth  during  the 
culture). 

6  These  two  salts  are  equally  toxic  in  mixtures  if  reacting  weights  be  compared,  while  magne- 
sinm  chloride  is  the  more  toxic  of  the  two  in  parts  of  salt  per  100,000  of  solution. 

The  interest  and  importance  of  the  results  obtained  from  the  exper- 
iments made  with  mixed  solutions  show  the  great  desirability  of 
extending  further  this  line  of  investigation.  In  fact,  no  aspect  of  the 
work  promises  more  substantial  returns.  An  interesting  problem 
among  the  mam^  which  suggest  themselves  in  this  connection  is  that 
of  a  possible  relation  between  the  degree  of  toxicity  of  a  salt,  alone  or 
in  mixture,  and  the  readiness  with  which  it  is  taken  up  by  the  plant 
from  a  solution.  The  occasion  seems  opportune  to  redirect  attention 
to  a  series  of  experiments  made  long  ago  by  Wilhelm  Wolf  ^  as  to  the 

^Landw.  Yersnchsst.,  7,  198  (1865).  The  stadies  were  made  with  a  series  of 
solutions,  each  of  which  contaiDed  two  salts  in  equal  amount.  Combinations 
were  made  with  (1)  salts  of  the  same  acid,  but  of  different  bases;  (2)  salts  of 
the  same  base,  but  of  different  acids;  (3)  with  both  base  and  acid  different.  In 
each  cnltnre  200  c.  c.  of 'solution  was  employed,  and  after  one-half  of  this  volume 
had  been  absorbed  by  the  plant  (allowance  being  made  for  the  small  quantity  of 
water  evaporated  directly  from  the  solution)  the  amount  of  each  salt  taken  up 
with  the  water  was  estimated  by  analysis  of  tbe  residual  100  c.  c.  of  solution. 
TouD^  beans  and  maize  were  used  in  the  experiments.  Some  of  the  results 
obtained  were  as  follows: 

From  three  mixtures,  each  containing  0.05  grams  of  each  two  salts,  the  plants 
absorbed  in  percentages  of  the  original  quantity  of  each  salt  supplied: 

From  ammonium  nitrate  plus  calcium  nitrate,  92  per  cent  of  the  former  and  94 
per  cent  of  the  latter. 

From  ammonium  nitrate  plus  magnesium  nitrate,  92  per  cent  of  the  former  and 
86  per  cent  of  the  latter. 

From  magnesium  nitrate  plus  calcium  nitrate,  74  per  cent  of  each. 

Potassium  nitrate  was  taken  up  from  all  combinations  with  other  nitrates 
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amount  of  each  salt  absorbed  by  a  plant  from  a  mLxed  solntion. 
Especially  interesting,  as  compared  with  the  toxieological  phenomena 
of  pure  and  mixed  solutions,  respectively,  are  Wolfs  results  as  to 
the  effect  of  calcium  sulphate  in  stimulating  the  absorption  of  other 
sulphates. 

GENERAL  8IQNIFICANCE  OF  RESULTS  WFTH  MIXED  SOLUTIONS. 

To  enter  into  a  discussion,  from  the  purely  chemical  point  of  view, 
of  the  widely  accepted  hypothesis  of  the  dissociation  of  electrolytes 
in  solution  would  be  to  exceed  the  proper  limits  of  this  paper.  ^  It 
is  sufficient  to  say  that  salts  such  as  those  with  which  we  are  here 
dealing  are  held  to  dissociate  in  dilute  solutions,  more  or  less  com- 


(Na,  NH^,  Mg,  Ga)  in  absolately  greater  amount  than  from  a  simple  solatiaD. 
From  a  solntion  containing  0.025  gram  each  of  potaasinm  nitrate  and  calcinm 
nitTttte  the  plants  absorbed  100  per  cent  of  the  former  and  88  per  cent  of  the  latter. 
From  an  equivalent  solution  of  potassium  nitrate  plus  magnesium  nitrate,  100  per 
cent  of  the  former  and  88  per  cent  of  the  latter.  The  stimulation  of  the  plant  bj 
the  presence  of  calcium  to  take  up  greater  quantities  of  potash  is  referred  by 
Loew  (L  c. ,  p.  44)  to  the  increased  development  of  root  hairs  induced  bj  the  calcium. 
But  if  the  presence  of  magnesium  has  exactly  the  same  effect,  as  would  appear 
from  the  experiment  j ust  quoted,  we  must  look  further  for  an  explanation.  Absorp- 
tion of  ammonium  nitrate  is  decreased  by  the  presence  of  other  nitrates,  irfctZe 
that  of  calcium  and  of  magnesium  nitrates  is  stimulated  therd>y.  It  is  remarkable 
that  while  neither  of  these  hist  tux}  salts  is  readily  absorbed  frotn  a  simple  solution^ 
both  are  easily  absorbed  when  mixed  together. 

Plants  could  be  grown  in  mixtures  of  i)otaa8ium  and  calcium  solphate 
(K^SOf  +  CaSOJ  and  of  calcium  and  magnesium  sulphate  (CaSO^  -h  MgSO^),  but 
never  in  mixtures  of  sulphates  of  iK>ta8sium  and  sodium  (E^SO^  +  NasSO^).  of 
potassium  and  ammonium  (K^SO^  +  (NH^),  SO^) ,  nor  of  x>otaasium  and  magnesium 
K18O4  +  MgS04),  even  when  the  solutions  were  very  dilute. 

Potassium  and  ammonium  salts  were  taken  up  much  more  readily  in  the  pres- 
ence of  a  calcium  salt  than  from  a  pure  solution.  This  was  notably  the  case  with 
the  sulphates,  which  are  absorbed  with  difficulty  from  unmixed  solutions.  Gypsum 
(calcium  sulphate)  is  absorbed  in  very  small  quantity  in  the  presence  of  a  potas- 
sium salt,  but  greatly  stimulates  absorption  of  the  latter.  From  a  mixture  of 
calcium  and  magnesium  sulphate  little  of  either  salt  is  taken  up,  but  the  presence 
of  magnesium  nitrate  considerably  increases  the  amount  of  calcium  sulphate 
drawn  from  a  solution. 

From  mixtures  of  a  sulphate  and  a  phosphate,  the  latter  is  always  taken  up  in 
greater  quantity.  Ma'^nesium  sulphate  is  taken  up  in  greater  quantity  in  the 
presence  of  a  phosphate  than  are  ether  sulphates. 

De  Saussure's  principle  of  the  absorption  of  salts  in  solutibn  by  plant  roots— 
L  e.,  that  the  salt  is  taken  up  in  smaller  proportion  to  the  water  absorbed  than  it 
occurs  in  the  culture  solution;  in  other  words,  that  the  residual  solution  becomes 
more  concentrated — applies  to  the  absorption  of  sodium  chloride  in  the  presenoe 
of  a  nitrate  (KNO.,  NH^KOg,  Ca(NO,)2),  but  does  not  hold  as  to  the  abeQri)tion 
of  the  nitrate  itself. 

'  For  the  presentation  of  the  subject  in  simple  terms  the  reader  is  referred  to 
a  former  publication  by  one  of  us.  (Rep.  No.  64,  U.  S.  Department  of  Agricul- 
ture, p.  144, 1900.) 
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pletely  at  a  given  concentration  according  to  the  specific  properties  of 
the  particular  salt.  The  result  is  a  liberation  of  ions — atoms  or  atomic 
groups  carrying  or  in  some  way  associated  with  an  electric  charge. 
Cathions,  those  furnished  by  the  basic  radicle,  carry  positive  elec- 
tricity, while  anions,  derived  from  the  acid  radicle  of  the  salt,  are 
negatively  charged.  Ions  possess  a  much  greater  velocity  ^  than  do 
nndissociated  molecules,  and  it  is  now  believed  by  many  physiologists 
that  salts  owe  to  the  properties  of  their  ions  rather  than  to  their  entire 
molecules  the  toxic  and  other  action  which  they  exert  upon  organisms.^ 

It  is  believed  that  the  results  of  the  present  investigation  tend  to 
confirm  this  view,  although  it  must  be  admitted  that  serious  anomalies 
exist,  to  some  of  which  attention  has  already  been  directed. 

Pure  solutions  of  the  salts  dealt  with  are  shown  to  be  generally 
injurious  to  plants,  and  this  largely  by  virtue  of  the  cathions  which 
they  jdeld,  as  a  comparison  of  the  position  of  the  several  salts  in  the 
table  of  toxicity  in  pure  solutions  shows  conclusively.  Thus  magne- 
sium salts,  irrespective  of  the  character  of  their  anions,  are  much 
more  injurious  than  is  any  sodium  salt,  while  the  three  chlorides  (of 
magnesium,  sodium,  and  calcium)  differ  enormously  in  toxicity, 
regardless  of  the  fact  that  they  yield  a  common  anion. 

An  inspection  of  the  tables  of  limits  in  mixed  solution  given  above 
makes  it  clear  that  the  addition  of  a  second,  less  toxic  salt  in  most 
cases  increases  the  concentration  of  solution  of  the  more  harmful  one 
in  which  root  tips  can  retain  their  vitality.  It  is  also  demonstrated 
that  addition  of  a  second  saL  of  the  same  base,  hence  furnishing  a 
different  kind  of  anion  only,  is  usually  much  less  efficacious  in  raising 
the  limit  than  is  the  admixture  of  a  salt  of  a  different  base.  Tlius 
magnesium  chloride  is  ineffective  as  an  antidote  to  magnesium  sul- 
phate, sodium  chloride  to  sodium  carbonate  or  to  sodium  sulphate, 
and  calcium  carbonate  to  calcium  chloride. 

If  the  assumption  be  granted  that  in  the  dilutions  here  involved 
the  magnesium  salts  are  practically  completely  dissociated  and  that 
the  anions  do  not  have  a  to;cic  effect,  then  a  0.00125  normal  solution 
of  magnesium  will  be  the  limit  when  the  metal  is  combined  as  the  sul- 
phate and  a  0.0025  normal  solution  when  combined  as  the  chloride,  but 
about  a  0.002  normal  solution  when  both  chloride  and  sulphate  are  pres- 
ent, with  two  equivalents  of  the  former  to  one  of  the  latter.  The  same 
line  of  reasoning  holds  for  the  other  cases  cited,  and  from  these  facts  it 
is  evident  that  the  anions  have  a  part  in  determining  the  toxic  effect  of  a 

*  That  the  physiological  action  of  ions  may  be  in  some  sort  a  function  of  their 
specific  velocities  is  indicated  by  Loeb's  comparison  of  the  effects  of  hydrogen  and 
hydroxyl  ions,  as  well  as  of  varions  basic  cathions,  upon  the  absorption  of  water 
by  a  mnsde.     [PflGger's  Archiv.,  69,  21,  (1898).] 

'Of  a  rapidly  growing  literature  on  this  subject  the  papers  of  Eahlenberg  and 
True  and  of  Eahlenberg  and  Austin,  dealing  with  plants,  and  those  of  Loeb, 
Garrey ,  Anne  Moore,  Eahlenberg,  Clark  and  others,  treating  ion  action  upon  ani- 
mals, may  be  cited  as  of  great  importance.     (See  the  Bibliography,  p.  56.) 
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salt,  although  a  much  smaller  one  in  general  than  have  the  cathion& 
Furthermore,  these  views  are  in  harmony  with  Loeb's  idea  that  SO4 
ions  are  more  toxic  than  CI  ions,  because  they  tend  to  precipitate 
calcium  from  its  proteid  compounds. 

In  other  cases,  however,  addition  of  a  salt  which  furnishes  new 
anions,  but  not  new  cathions,  to  the  mixture  is  effective  in  raising  the 
endurable  limit  of  eoncentration  for  the  more  toxic  salt.  A  striking 
case  is  the  elevation  of  the  limit  for  magnesium  sulphate  eight  times 
by  the  addition  of  magnesium  carbonate.  Here  it  would  appear  that 
the  HCO3  anions  alone  can  be  the  effective  agency.  Sodium  sulphate 
slightly  raises  the  limit  of  sodium  carbonate,  and  a  relatively  unim- 
portant increase  of  the  concentration  of  a  calcium  chloride  solution 
in  which  lupine  roots  can  survive  is  obtained  by  addition  of  calcium 
sulphate.  But  in  these  last  two  cases  the  effect  is  so  small  as  to  be 
almost  negligible,  and  is  perhai)s  entirely  attributable  to  the  forcing 
back  of  the  dissociation  of  the  more  toxic  salt  rather  than  to  any 
direct  physiological  action  of  the  new  anions. 

The  superior  efficacy  of  cathions  over  anions  in  neutralizing  the 
toxic  effect  of  other  cathions  is  illustrated  by  the  discovery  that 
sodium  is  equally  effective  as  an  antidote  to  magnesium  chloride, 
whether  it  be  added  as  sulphate  (Na2S04)  or  as  chloride  (NaCl).'  A 
much  more  striking  illustration  is  afforded  by  the  fact  that  calcium, 
when  added  to  a  solution  of  magnesium  sulphate  or  of  sodium  sul- 
phate, is  very  much  more  efficacious  when  furnished  as  the  relatively 
insoluble  sulphate  than  as  the  readily  soluble  chloride.  In  other 
words,  the  presence  of  chlorine  anions  actually  hinders  the  full  exer- 
tion of  the  physiological  effect  of  calcium  cathions,  unless  we  are  to 
believe  that  the  superior  efficacy  of  calcium  sulphate  is  due  merely  to 
its  greater  influence  in  retarding  the  dissociation  of  the  sulphat^'^  of 
magnesium  and  of  sodium. 

If  we  turn  now  to  the  effect  of  mixtures  in  which  two  kinds  of 
cathions  are  present  we  find  that  these  are  almost  invariably  much 
less  poisonous  than  is  the  pure  solution  of  the  more  toxic  salt.  Even 
the  addition  of  a  sodium  salt  (sulphate  or  chloride)  to  one  of  magne- 
sium (sulphate  or  chloride)  raises  the  limit  of  endurance  for  the  latter 
three  to  six  times.  Still  more  remarkable  is  the  effect  of  magnesium 
carbonate  as  an  antidote  to  salts  of  sodium  (carbonate,  sulphate, 
chloride),  raising  their  limits  two  to  four  times.  But  these  effects  are 
trivial  as  compared  with  the  extraordinary  efficacy  of  calcium  in 
counteracting  the  toxic  effects  of  other  bases  (magnesium,  sodium). 

Even  when  added  as  the  but  slightly  soluble  carbonate,  calcium 
raises  the  limit  of  magnesium  sulphate  and  of  magnesium  chloride 
sixteen  times,  of  sodium  sulphat>e  more  than  five  times,  and  of  sodium 


'  On  the  other  hand,  sodinm  chloride  is  twice  as  effective  as  sodium  sulphate  in 
neutralizing  magnesium  sulphate. 
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chloride  three  times.  Cftlcium  chloride  *  mixed  with  an  equal  volume 
of  a  magnesium  or  a  sodium  salt  raises  the  limit  of  the  latter  as  fol- 
lows: Magnesium  sulphate,  one  hundred  and  sixty  times;  magnesium 
chloride,  forty  times;  sodium  carbonate,  fifty  times  ;^  sodium  sulphate, 
twenty-seven  times,  and  sodium  chloride,  ten  times. 

The  most  effective  of  the  calcium  salts  tried  was,  however,  calcium 
sulphate.  This,  when  added  alone  in  solid  excess,  increases  the 
maxima  of  concentration  endurable  by  the  roots  as  follows:  Magne- 
sium sulphate,  four  hundred  and  eighty  times;  magnesium  chloride, 
eighty  times;  sodium  carbonate,  six  times;  sodium  sulphate,  sixty-six 
times,  and  sodium  chloride,  ten  times.  Here  we  have  probably  the 
greatest  effect  of  one  kind  of  ion  in  neutralizing  the  effect  of  another 
kind  that  has  yet  been  obtained  in  experiments  with  plants. 

It  is  noteworthy  that  the  effect  of  the  calcium  ions  upon  different 
salts  having  a  common  basic  ion  differs  greatly.  Thus  plant  roots 
can  endure  three  times  the  concentration  of  a  solution  containing 
magnesium  cathions  and  sulph-anions  to  which  calcium  sulphate  is 
added  than  they  can  of  a  solution  containing  magnesium  cathions  and 
chlor-anions  plus  calcium  sulphate.  Yet  the  former  solution  in  the 
absence  of  calcium  salts  is  endurable  in  concentration  only  one-half  as 
great  as  is  the  latter  without  a  calcium  salt.  Here  the  effect  may  be 
X)artly  due  to  differences  of  dissociation  in  the  two  solutions.  But  it 
appears  necessary  to  attribute  the  greater  part  of  it  to  an  adverse 
influence,  presumably  exerted  by  chlorine  ions,  upon  the  physiological 
action  of  calcium  ions  in  the  presence  of  magnesium  ions.  Similar 
problems  are  suggested  by  the  wide  differences  in  the  degree  to  which 
calcium  sulphate  can  neutralise  the  toxic  action  of  each  of  the  three 
sodium  salts. 

That  the  phenomena  exhibited  by  the  roots  of  plants  in  their  reac- 
tion to  these  various  mixed  salt  solutions  are  not  to  be  regarded  as 
mere  functions  of  chemical  changes  in  the  solution  itself  is  patent. 
The  problem  is  undoubtedly  a  much  more  intricate  one,  involving 
chemical  reactions  of  great  complexity  in  the  protoplasm  of  the  plant 
itself.  In  this  connection  it  is  important  to  call  attention  to  the 
strikingly  similar  results  obtained  by  Loeb  ^  as  to  the  relative  toxic 
effect  upon  animals  of  pure  and  of  mixed  solutions. 

A  pure  salt  solution,  e.g.,  of  sodium  chloride,  was  found  to  be 


>  Lioew  (Bui.  No.  18,  Div.  Veg.  Phys.  and  Path.,  U.  S.  Department  of  Agricultare. 
p.  33),  referring  to  an  experiment  made  by  Boehm,  appears  to  doubt  the  value  of 
calcium  in  the  form  of  the  chloride  as  a  plant  nutrient,  owing  to  the  formation 
of  hydrochloric  acid  in  the  assimilation  of  calcium  by  the  plant.  Here  is  another 
suggestion  as  to  the  reason  for  the  inferiority  of  calcium  chloride  to  calcium  sul- 
phate in  neutralizing  the  toxic  action  of  salts  of  other  bases. 

'As  has  already  been  noted  (under  Table  VI),  a  heavy  precipitate  of  calcium 
carbonate  is  formed  in  this  mixture,  so  that  it  becomes  in  great  part  a  solution 
of  sodium  chloride  plus  a  solid  excess  of  calcium  carbonate. 

*  See  the  papers  by  this  author  cited  in  tbe  Bibliography  (p.  58). 
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strongly  poisonous  to  marine  animals  in  various  stages  of  develop- 
ment— i.  e. ,  a  fish  {Fundtdus  heteroditus)^  a  jellyfish  (Gonionemus  sp.), 
and  a  sea  urchin  (Arbacia  sp.).  But  the  addition  in  small  quantity 
of  a  salt  yielding  another  kind  of  cathion,  such  as  magnesium,  {>otaB- 
sium,  and  calcium,  more  or  less  neutralized  this  toxic  effect,  although 
each  of  these  salts  was  itself  toxic  in  pure  solution.  As  in  the  case  of 
plants,  calcium  was  particularly  effective.  That  it  is  the  cathions 
rather  than  the  anions  added  to  the  solution  which  are  chiefly  effective 
as  counter  agents  is  evident  from  the  fact  that  of  each  base  the  chloride 
only  was  used.  Moreover,  in  only  one  mixture  of  three  chlorides 
could  fertilized  eggs  of  the  sea  urchin  be  brought  to  an  advanced 
stage  of  development,  but  sodium  bromide  could  be  successfully  sub- 
stituted for  sodium  chloride  in  the  mixture.^  It  is  clear,  therefore, 
that  the  anions  play  a  very  subordinate  part  in  the  physiological 
action  of  such  mixtures. 

Loeb  suggests  that  the  physiologie^il  effect  of  a  pure  solution, 
whether  toxic  or  stimulating,  is  attributable  to  a  reaction  whereby 
various  cathions  which  are  assumed  to  enter  into  combination  with 
the  proteids  of  the  organism  are  replaced  by  the  cathion  of  the  sur- 
rounding solution,  in  accordance  with  the  law  of  mass.  Thus,  in 
case  of  an  animal  or  organ  immersed  in  a  solution  of  sodium  chloride, 
ions  of  calcium  and  of  potassium  would  be  forced  from  their  organic 
compounds  and  sodium  ions  would  be  substituted  for  them.  This 
would  cause  a  disturbance  of  equilibrium  and  finally  a  cessation  of 
irritability  in  the  tissues.  Such  effect  can  be  prevented,  or,  if  it  has 
not  pix)ceeded  to  the  point  of  disorganization,  counteracted  by  the 
addition  to  the  solution  of  salts  containing  the  corresponding  cathions, 
i.  e.,  potassium  and  calcium.  Hence  the  author  derives  his  conce{>- 
tion  of  a  *'  phj'siologically  balanced  salt  solution,"  examples  of  which 
are  sea  water,  the^ blood  of  animals,  and  a  mixture  of  definite  concen- 
trations of  the  chlorides  of  potassium,  sodium,  and  calcium.  The 
chief  function  of  such  a  solution  is  regarded  as  the  maintenance  of 
**a  certain  physical  condition,  a  certain  labile  equilibrium,  of  the 
protoplasm  or  the  colloids."^ 

From  considerations  such  as  these,  and  from  the  discovery  that  a 
close  analogy  as  to  absorption  of  water  exists  between  the  behavior  of 
a  frog's  gastrocnemius  immersed  in  a  solution  of  a  potassium,  sodium, 
or  calcium  salt  and  that  of  potassium,  sodium,  and  calcium  soaps,' 
the  development  of  Loeb's  theory  of  the  existence  and  function  of 
"ion-proteid  compounds"  was  logically  inevitable.  The  hypothesis 
is  stated  as  follows:  *' Salts  or  electrolytes  in  general  do  not  exist  in 
living  tissues  as  such  exclusively,  but  are  partly  in  combination  with 


1  Amer.  Joum.  Physiology,  8,  442  (1900). 

« Ibid.,  3,  445  (1900). 

» See  Pfliiger's  Archiv,  76,  308  (1899). 
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proteids.  The  salt  or  electrolyte  molecules  do  not  enter  into  this 
combination  as  a  whole,  but  through  their  ions.  The  great  impor- 
tance of  these  ion-proteid  compounds  lies  in  the  fact  that  by  the 
substitution  of  one  ion  for  another  the  physical  properties  of  the  pro- 
teid  compounds  change.  We  thus  possess  in  these  ion-proteid  com- 
pounds essential  constituents  of  living  matter  which  can  be  modified 
at  desire,  and  hence  enable  us  to  vary  and  control  the  life  phenomena 
themselves.  *  *  *  If  it  be  true  that  life  phenomena  depend  upon 
the  presence  of  a  number  of  various  metal  proteids  (Na,  Ca,  K,  and 
Mg)  in  definite  proportions,  it  follows  that  solutions  xohich  contain 
only  one  class  of  metal  ions  must  a^t  as  a  poison.  The  reason  for 
this  is  that  the  one  class  of  metal  ions  will  gradually  take  the  place 
of  the  other  metal  ions  in  the  ion-proteids  of  the  tissues.  Even  a 
pure  NaCl  solution  must  thus  be  poisonous,  although  this  salt  perme- 
ates all  our  tissues  and  is  the  main  constituent  of  the  [soluble]  inor- 
ganic matter  of  the  ocean." ^ 

Paull,^  who  published  the  same  hypothesis  almost  simultaneously, 
states  his  views  w^ith  greater  positiveness.  "  The  general  distribu- 
tion of  the  ion-proteid  compound  in  the  living  organism  can  not  be 
doubted;  indeed,  we  have  strong  reasons  for  the  assumption  that  all 
the  proteids  of  the  protoplasm  exist  there  only  in  combination  with 
ions.^'  And  again,  '^  Not  salts,  but  salt-ions,  are  indispensable  to  the 
organism."* 

Loeb's  experiments  show  that  to  the  same  ions  or  mixtures  of  ions 
different  animals  or  different  organs  or  stages  of  development  of  the 
same  animal  may  react  in  a  different  manner.  This  was  noted  in  the 
case  of  embryonic  as  compared  with  fully  developed  tissue  and  with 
myogenic  as  compared  with  nuerogenic  contractions.  Thus  in  pure 
solution  magnesium  chloride  is  more  favorable  to  the  development  oif 
fertilized  eggs  of  the  sea  urchin  than  is  sodium  chloride,  although  the 
latter  causes  while  the  former  prevents  rhythmical  muscular  contrac- 
tion. On  the  other  hand,  as  the  predominant  salt  in  a  triple  mixture 
of  chlorides  (potassium  and  calcium  being  present  in  much  smaller 
quantity),  sodium  chloride  favors,  while  magnesium  chloride  pre- 
vents, the  development  of  fertilized  sea-urchin  eggs.*  Calcium  ions 
prevent  rhythmical  muscular  contraction,  but  allow  the  muscle  to 
retain  its  irritability  much  longer  than  is  possible  in  a  solution  from 


» Amer.  Jonm.  Physiology,  8,  827  (1900). 

'Ueher  physUcalisch-chemische  Methode  und  Probleme  in  der  Medizin,  19, 
Wien  (1900). 

^Iioew,  althoagh  attempting  no  such  extensive  generalization,  has  tonched  npon 
the  qnestion  of  ion  proteids  and  their  relation  to  vital  phenomena  in  his  discus- 
sion of  the  harmf  nlness  to  plants  exhibited  by  magnesinm  salts  in  the  absence  of 
calcium.  (See  BoL  No.  18,  Dlv.  Veg.  Phys.  and  Path.,  U.  S.  Department  of 
Agricoltore,  p.  42, 1899. ) 

«Amer.  Jonm.  Physiology,  8,  439  (1900). 
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which  they  are  absent.^    Results  similar  to  those  obtained  by  Loeb 
have  recently  been  recorded  by  other  investigators.' 

That  the  converse  case  may  also  occur  is  indicated  by  Loeb's  inves- 
tigations: ''Different  combinations  of  ions  may  exist  which  all  have 
the  same  effect.  It  seems  as  if  the  physical  condition  of  the  colloids 
were  the  essential  point  and  that  this  might  be  affected  by  various 
ion  combinations  in  the  same  way."* 

It  is  not  to  be  doubted  that  many  peculiarities  in  relation  to  ions 
will  likewise  be  discovered  in  plants  as  compared  with  animals.  A 
case  in  point  is  that  of  magnesium  chloride,  which  in  pure  solution  is 
eight  times  as  toxic  as  sodium  chloride  to  roots  of  the  white  lupine 
and  of  alfalfa  while  the  two  salts  are  about  equally  toxic  when  cal- 
cium is  present.  Hence  lupine  roots  react  toward  these  two  salts  in  a 
wholly  different  manner  than  do  sea-urchin  eggs.  Furthermore,  a 
comparison  of  different  plants,  one  with  another,  or  of  different  organs 
or  stages  of  development  in  the  same  plant,  will  surely  reveal  numer- 
ous dissimilarities. 

The  importance  of  the  ion-proteid  theory  as  an  aid  to  the  study  of 
the  effects,  both  toxic  and  beneficial,  which  solutions  of  electrolytes 
induce  in  organisms,  can  hardly  be  overestimated.  It  is  to  be  regarded 
as  the  only  really  scientific  explanation  of  this  class  of  phenomena 
which  has  yet  been  attempted.  Incomplete  as  the  theory  is  in  its 
present  foroi,  and  many  as  are  the  anomalies  needing  further  study, 
we  can  not  but  welcome  it  as  a  most  promising  instrument  wherewith 
to  attack  the  vast  problem  of  the  physical  properties  and  energies  of 
protoplasm.* 

Meanwhile  it  is  highly  desirable  that  the  study  of  ion  action  upon 
plants  be  extended.  Experiments  should  be  made  with  a  larger  num- 
ber  of  diffei*ent  ions,  and  with  mixtures  containing  more  than  two 
kinds  of  cathions.^  It  is  most  essential  that  many  species  of  plants 
be  tested  in  order  that  we  may  determine  what  classes  of  reaction  to 
ions  are  peculiar  to  certain  groups  of  organisms  and  what,  if  any,  may 

» Festschrift  ftir  Adolf  Fick,  p.  Ill  (li5»9). 

'See  the  papers  of  Garrey,  Anne  Moore,  Cashing,  Lillie,  and  Stiles  cited  in  the 
Bibliography,  (p.  56).  True  has  lately  experimented  with  Cladophora  gracilis 
grown  in  varions  synthetic  solntions  resembling  sea  water,  and  has  made  the 
highly  interesting  discovery  that  an  indefinite  prolongation  of  life  oonld  be 
obtained  only  when  a  solution  equivalent  to  sea  water  in  its  other  components, 
bnt  containing  mnch  more  NaCl,  was  employed.  Addition  of  calcium  and  potas- 
sium salts  was  found  necessary  in  order  to  neutralize  effectively  the  toxic  action 
of  a  sodium  salt  solution. 

» Amer.  Journ.  Physiology,  8,  443  (1900). 

-^For  certain  limitations  of  the  theory  as  now  formulated  reference  should  be 
made  to  the  very  important  paper  of  Kahlenberg  [Journ.  Physical  Chem.,  8,  S39 
(1901)]. 

'  Loeb's  discovery  that  fertilized  eggs  of  the  sea  urchin  could  be  developed  to  the 
pluteuB  stage  in  mixtures  of  three,  but  not  of  two  chlorides,  indicates  that  mndi 
is  to  be  expected  from  such  an  extension  of  these  investigationB.  See  Amer. 
Journ.  Physiology,  8,  441,  (1900). 
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"be  regarded  as  generic  properties  of  pi-otoplasm.  No  less  important, 
as  Loeb's  work  with  animals  has  conclusively  shown,  will  be  the  com- 
parative stud}'-  of  different  organs  and  functions  and  stages  of  growth 
in  the  same  plant,  as  to  their  different  reactions  to  the  same  ions  and 
combinations  of  ions. 

From  the  point  of  view  of  agriculture  the  ion-proteid  theory  will 
doubtless  throw  light  upon  much  that  is  now  obscure  and  even  para- 
doxical in  the  relation  between  the  plant  and  the  soluble  components 
of  the  soil.  Nothing  is  more  certain,  in  the  light  of  such  observations 
as  are  recorded  in  this  paper,  than  the  inadequacy  of  soil  physics  and 
soil  chemistry  alone  to  explain  many  details  of  this  relation.  The 
chemistry  of  protoplasm  and  its  proteid  compounds  must  surely -be 
taken  into  account  before  we  may  hope  to  get  to  the  bottom  of  the 
subject. 

STIMULATING  EFFECT  OF  DILUTE  SOLUTIONS. 

As  an  incident  of  these  investigations  it  was  demonstrated  that  in 
the  case  of  certain  salts,  when  plant  roots  are  exposed  to  pure  solu- 
tions which  are  much  too  dilute  to  produce  any  toxic  effect,  there 
occurred*  a  decidedly  stimulating  effect  upon  gi*owth,  as  compared 
with  that  in  the  distilled- water  control  during  a  corresponding  period. 
As  would  be  expected,  this  was  shown  to  be  the  case  for  salts  of  cal- 
cium, both  the  chloride  and  the  sulphate  acting  as  stimuli.  Here, 
however,  we  have  to  do  with  salts  which  contain  valuable  elements 
of  plant  food. 

But  a  marked  stimulating  action  occurs  in  pure  solutions  of  sodium 
carbonate  (slight  in  0.002  normal,  marked  in  0.00125  normal  and  of 
sodium  bicarbonate  0.01  normal).  The  most  pronounced  effect  was 
obtained  in  a  0.00125  normal  solution  of  sodium  carbonate,  the  average 
elongation  of  the  roots  in  that  solution  being  one  and  one- half  times 
as  great  as  in  distilled  water  during  the  same  period.  In  the  case  of 
the  two  carbonates  of  sodium  it  seems  necessary  to  regai*d  the  effect  as 
one  of  chemical  stimulus,  pure  and  simple.  That  this  is  not  due  to  the 
sodium  ions  is  evident  from  the  fact  that  very  dilute  solutions  of  other 
sodium  salts  (sulphate,  chloride)  gave  purely  negative  results.  It  was 
at  first  thought  that  the  physiological  effects  of  sodium  carbonate 
(NagCOg)  were  attributable  to  the  presence  of  hydroxyl  ions  in  the  solu- 
tion, since  the  corrosive,  clearing  action  of  more  concentrated  solutions 
of  this  salt  is  precisely  similar  to  that  produced  by  potassium  hydrate 
and  sodium  hydrate.  But  toxic,  as  well  as  stimulating  reactions  of 
exactly  the  same  character  were  obtained  with  solutions  of  the  bicar- 
bonate (NaHCOg),  in  which  a  large  excess  of  carbon  dioxide  was  dis- 
solved, and  which  gave  no  reaction  with  phenolphthaleine,  even  at  the 
end  of  the  experiment.  *    In  this  case  the  consideration  of  free  hydroxyl 


^  SolationB  of  sodium  carbonate  which  were  many  times  too  dilnte  to  produce  a 
stimulating  effect,  yet  gave  a  strong  reaction  with  phenolphthaleine. 
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ions  must  be  excluded.  Hence  the  conclusion  seems  unavoidable  that 
the  carbonic  acid  (HCO3)  ions  produce  the  stimulating  effect,  improb- 
able as  this  would  appear.  To  what  agency  should  be  ascribed  the 
characteristic  toxic  action  (so  different  in  kind  from  that  of  sodium 
sulphate  and  sodium  chloride)  of  stronger  solutions  of  sodium  bicar- 
bonate, in  which  no  free  hydroxyl  could  be  detected,  is  a  question  to 
which  no  answer  can  at  present  be  given.* 

None  of  the  other  salts  with  which  experiments  were  made  in  pure 
solution  were  shown  to  stimulate  elongation  of  the  roots,  although 
the  possibility  is  not  excluded  that  solutions  still  more  dilute  than 
those  employed  will  give  positive  results.  Magnesium  sulphate  was 
found  to  be  indifferent  (neither  toxic  nor  stimulating)  at  0.0003125 
normal,  magnesium  chloride  at  0.000625  normal,  sodium  sulphate 
(nearly)  at  0.002  normal,  and  sodium  chloride'  (approximately)  at 
0.005  normal. 

These  observations  accord  with  the  well-known  principle  that  many 
violent  poisons,  if  given  in  sufficiently  minute  doses,  serve  as  benefi- 
cial stimuli.     Familiar  examples  are  the  action  of  ai-senic,  mercury, 


'In  experiments  with  sodium  carbonate  and  sodinm  bicarbonate  as  to  their 
effect  upon  animals,  Loeb  encoontered  a  very  similar  anomaly.  The  stimulating 
effect  of  varions  hydrates  upon  the  absorption  of  water  by  a  muscle  immened  in 
a  sodium  chloride  solution  was  shown  to  be  clearly  dne  to  the  hydroxyl  ions, 
being  equal  in  amount  when  equivalent  solutions  of  hydrates  were  used,  irre- 
spective of  the  character  of  the  basic  ions  [see  PflUger's  Archiv,  09,  10  (1898)]. 
The  similar  effect  produced  by  carbonates  of  sodium  and  potassium  was  ascribed 
to  the  same  factor,  the  hydroxy!  ions  (I.e.,  p.  30) .  On  the  other  hand,  the  effect  of 
sodium  carbonate  (NasCOg)  in  stimulating  skeleton  formation  in  the  plnteos  of  a 
sea  urchin  appears  to  be  due  to  the  carbonic  acid  (HCOg)  ions,  since  sodinm  in 
other  forms,  as  well  as  hydroxyl  in  the  form  of  potassium  hydrate,  gave  n^<ative 
results  [Am.  Joum.  Physiology,      443,  (1900)]. 

-  Pfeffer  [Pflanzenphysiologie,  Ed.  3, 1, 425]  observes  that  possibly  chlorides  (e.  g., 
sodium  chloride) ,  like  so  many  other  substances,  act  in  dilute  solutions  as  chem- 
ical stimuli.  Storp  [Biedermann*8  Centralbl. ,  18, 76  ( 1884)  ]  obtained  a  stimulating 
effect  upon  the  germination  of  seeds  by  immersing  them  in  a  0.01  per  cent  solation 
of  sodium  chloride.  Jarius  [Landw.  Versuchsst.,  88,  149  (1886)]  found  that 
even  a  0.4  per  cent  solution  of  sodium  chloride  stimulated  the  germination  of  seeds 
of  y/heat,  rye,  rape,  maize,  beans,  and  vetches.  Jones  and  Orton  (Bnl.  Vermont 
Agric.  Exp.  Station  No.  56,  p.  13)  observed,  as  a  consequence  of  the  application  of 
sodium  chloride  to  land  in  order  to  exterminate  the  weed  known  as  Orange  Hawk- 
weed  {Hieracium  aurantiacum) ,  a,  marked  stimulating  effect  upon  the  growth  of 
grass  in  the  same  field.  Peligot  [(Domptes  rendus,  73, 1078  (1871)]  suggests  that 
the  stimulating  effect  upon  field  crops  which  is  sometimes  obtained  with  sodinm 
chloride  may  be  due  to  its  facilitating  the  decomposition  of  calcium  phosphate 
and  thus  increasing  the  amount  of  phosphoric  acid  at  the  disposal  of  the  plant 
Kellner  [Landw.  Versuchsst.,  82,  365  (1886)]  attributes  to  a  similar  liberation  of 
phosphoric  acid  the  stimulating  effects  of  iron  sulphate  upon  plant  growth  recorded 
by  Koenig  and  by  Griffiths  (see  p.  49).  B^veil  [De  Taction  des  poisons  sur  les 
plantes,  p.  41  (1865)]  found  that  sodium  hypochlorite  in  a  solution  of  0.1  per  cent 
stimulates  germination  and  growth,  but  is  injurious,  e6];>ecially  to  herbaceons 
plants,  when  applied  in  greater  concentration. 
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strychnine,  digitaline,  etc.,  upon  animals.  Numerous  investigators 
liave  obtained  similar  effects  with  plants  by  supplying  them  with  very 
small  quantities  of  various  substances  which  can  not  be  regarded  as 
sources  of  plant  food,  such  as  the  extremely  toxic  salts  of  some  of  the 
heavy  metals.  In  practically  all  such  cases,  however,  it  is  very  prob- 
able that  considerable  hydrolysis  had  tfiken  place  and  that  the  stimu- 
lation might  well  be  attributed  to  the  hydroxyl  ions  thus  introduced 
into  the  solution. 

Raulin  exi)erimented  extensively  with  the  fungus  Aspergillus  as  to 
the  effect  of  various  metallic  salts  in  stimulating  or  hindering  its 
growth,  his  being  among  the  first  considerable  work  in  this  line.^ 

The  well-known  observations  of  Frank  and  Kriiger  ^  indicate  that 
copper  in  small  quantities  (furnished  by  spraying  with  Bordeaux  mix- 
ture) stimulates  the  growth  of  the  potato,  acting  favorably  upon  almost 
every  organ  and  function,  although  this  metal  is  well  known  to  be 

'  Ann.  Sci.  Nat.,  86r.  5, 11,  !^4d  (1869).— The  sulphates  of  zinc  and  of  iron  were 
found  to  produce  marked  stimnlating  effect,  the  former  increasing  the  dry  weight 
of  the  f angns  two  to  three  or  even  seven  times,  the  latter  about  twice.  In  order 
to  show  that  the  acid  radicle  was  not  responsible  for  the  results,  a  corresponding 
amount  (0.06  gram  of  salt  per  1,000  grams  of  culture  solution)  of  ammonium  sul- 
phate was  tried,  hut  no  stimulation  was  obtained.  To  demonstrate  still  more  com- 
pletely that  basic  radicles  are  here  chiefly  concerned  other  salts  (nitrates  of  iron 
and  of  zinc,  zinc  acetate,  iron  citrate)  were  tried  and  yielded  stimulative  effects 
similar  to  those  of  sulphates.  In  cases  where  both  iron  and  zinc  were  added  to 
the  same  culture  solution  (e.  g.,  zinc  nitrate  plus  ferric  citrate,  or  ferric  sulphate 
plus  zinc  acetate,  or  zinc  acetate  plus  ferric  citrate)  the  stimulating  effect  was 
decidedly  more  marked  than  when  only  one  base  was  used.  When  sulphates  of 
both  zinc  and  iron  were  present  the  effect  was  nearly  twice  as  great  as  in  the 
absence  of  the  former,  and  was  exactly  twice  as  great  as  in  the  absence  of  the  lat- 
ter. The  diminution  of  the  stimulating  effect  was  almost  as  great  if  instead  of 
merely  withdrawing  one  or  the  other  base  an  equal  portion  of  the  second  base  was 
substituted  for  the  first;  in  other  words,  when  two  parts  of  zinc  (or  of  iron)  were 
substituted  for  one  part  each  of  zinc  and  of  iron.  The  stimulating  effect  of  the 
different  salts  of  zinc  expresses  itself  in  a  crop  from  two  to  four  and  six-tenths 
times,  that  of  iron  in  a  crop  one  and  four-tenths  to  two  and  seveil-tenths  times  as 
great  as  in  the  pure  culture  solution. 

Manganese  was  found  to  produce  effects  similar  to  those  of  iron  and  of  zinc,  but 
"  lees  constant,  less  appreciable.''  Silica  (as  silicates  of  potassium  and  of  sodium) 
when  added  to  the  culture  solution  increased  the  dry  weight  of  Aspergillus  in  the 
ratio  of  1.2  or  1.4  to  J . 

Raulin  wrongly  concluded  that  zinc  and  silica  are  indispensable  to  this  fungus, 
but  justly  emphasizes  *'  this  influence  of  infinitely  small  quantities  of  substances 
upon  vegetation  "  (1.  c,  p.  253). 

J.  Koenig  [Landw.  Jahrb.,  18,  837  (1883)]  and  Grifiaths  [Journ.  Chem.  Soc., 
1884,  p.  71,  and  1885,  p.  46]  obtained  evidence  of  a  stimulating  effect  of  iron 
sulphate  upon  the  growth  of  plants  by  watering  soils  used  in  culture  experiments 
with  a  solution  of  this  salt.  On  the  other  hand  Kellner  [Landw.  Versuchsst., 
82,  365  (1886)],  following  the  same  method  of  experiment,  obtained  only  negative 
results. 

*Ber.  d.  deutsch.  hot.  Gesellsch. ,  18,  8  ( 1894). 
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extraordinarily  xx)isouous  to  plants.^  Miani'  records  the  interesting 
observation  that  in  a  vapor-saturated  chamber  the  mere  presence  of 
copper  in  the  neighborhood  of  but  not  in  contact  with  a  hanging  drop 
of  water  containing  spores  of  Ustilago  and  iM)llen  grains  of  various 
plants  stimulated  the  germination  of  the  latter.  H.  Scbulz'  found 
that  alcoholic  fermentation  is  accelerated  by  the  presence  of  a  small 
quantity  of  mercuric  chloride  and  of  other  substances.  The  devel- 
opment of  Aspergillus  and  of  Penicillium  in  glycerol  cultures  was 
stimulated,  according  to  Pfeffer/  by  the  presence  of  small  quantities 
of  zinc,  manganese,  cobalt,  etc.  Subsequently  numerous  experiments 
as  to  chemical  stimulation  were  made  by  Richards  upon  fungi.' 


'  For  a  classical  discassion  of  the  toxic  effect  of  exceedingly  dilate  eolations  of 
metallic  salts  upon  the  alg^a  Spiro^^yra,  seeNageli,  Keae  Denkschr.  schweizerischen 
Qesellsch.  f.  gesammt.  Natnrw.,  88  (1803).    Copper  in  a  solation  of  1  part  to 
1,000,000,000  of  water  was  found  to  be  fatal!     (I.e., p. 23.)    Attention  has  lately 
been  redirected  to  the  extreme   toxicity  of  copper  by  Deh^rain  et  Dexnonasy 
[Comptes  rendns,  188,  533  (1901)]  and  by  H.  Devaux  (1.  c,  p.  717).    The  latterls 
observation  that  protoplasm  absorbs  less  copper  when  exposed  during  several 
honrs  to  a  large  quantity  of  a  running  very  dilute  solution  (e.  g..  of  1  part  copper 
to  400,000,000  parts  water)  than  when  plaood  for  a  short  time  in  a  single  drop  of  a 
much  more  concentrated  solution  ( 1  part  copper  to  30,000  parts  water)  leaves  wholly 
unexplained  the  negative  results  as  to  the  extraordinary  toxicity  of  this  substance 
recorded  by  Miani  [Ber.  deutsch.  bot.  G^esellsch..  19,  461  (1901)],  who  immersed 
his  subjects  for  a  long  period  in  a  single  drop  of  solution.  *  Nftgeli's  experiments 
have  been  more  recently  repeated  (upon  Spirogjrra  and  other  organisms)  by  Israel 
und  Klingmann  [Yirchow^s  Archiv,  147,  293  (1897)],  who  made  careful  stadiesof 
the  *'  oligodynamic  "  effects  produced  by  extremely  dilute  solutions  of  copper.    A 
noteworthy  contribution  to  this  subject  by  Galeotti  has  lately  appeared  [BioL 
Central bl. ,  81 ,  321  ( 1901 )  ] ,  in  which  the  effect  produced  by  a  ' '  colloidal "  solation 
of  copper  [prepared  after  the  electrical  method  recently  described  by  Bredig  and 
Mdller  in  Zeitschr.  fur  physik.  Chemie,  81, 258  (1899)]  is  compared  with  that  of  an 
*' ionic"  solution  of  copper  sulphate  containing  an  equivalent  amount  of  copper. 
This  author  found  that  the  former  (colloidal)  solution  plasmolyzedthe  protoplasm 
of  Spirogyra  in  a  dilution  ( 1  gram-atom  copper  in  12,600,000  to  126,000,000  liters  of 
water)  at  which  the  ionic  solution  (of  copper  sulphate)  produced  no  effect  -what- 
ever.   He  therefore  concludes  that  the  action  of  the  colloidal  solution  is  a  catalytio 
one,  closely  analogous  to  the  catalyzing  action  of  such  colloidal  solutions  (of  cop- 
per and  other  metals)  upon  hydrogen  superoxide. 

•Ber.  deutsch.  bot.  Gesellsch.,  19,  461  (1901). 

•'Pfluger's  Archiv  f.die  gesammte  Physiol.,  48,  517  (1888). 

'  Jahrb.  fiir  wiss.  Botanik,  28,  238  (1895). 

^Ibid.,«80,  665  (1897).    Richards  experimented  with  sulphate  of  iron  and  with 
salts  of  zinc,  cobalt,  nickel,  and  manganese,  as  well  as  other  substances,  using  as 
subjects  one  8i)ecies  each  of  Aspergillus,  Botrytis,  and  Penicillium.    The  estimation 
of  the  amount  of  stimulus  obtained  was  based  upon  the  increase  in  dry  weight  of 
the  whole  mass  of  mycelium  in  the  culture  as  compared  with  that  in  a  control  free 
from  the  stimulating  substance.    Zinc  sulphate  was  found  to  be  the  most  power- 
ful stimulant,  while  important  results  were  also  obtained  with  sulphates  of  iron, 
cobalt,  and  nickel.    Salts  of  lithium  were  likewise  very  effective.    It  was  found, 
however,  that  acceleration  of  the  development  of  the  mycelium  was  accompanied 
by  an  unfavorable  influence  upon  the  production  of  conidia,  when  salts  of  zinc  or 
of  iron,  amygdaline,  or  morphine  were  added  to  the  culture  solution.    In  other 
words,  a  stimulation  of  one  function  or  phase  of  development  doec  not  neces- 
sarily imply  stimulation  of  the  organism  as  to  all  its  functions. 


51 

Recently  an  important  x>aper  upon  the  effect  of  certain  chemical 
stimuli  upon  fungi  and  algSB  has  been  published  by  Ono.^ 

Similar  results  as  to  the  stimulation  of  life  processes  afforded  by  the 
presence  of  small  quantities  of  various  non-nutritive  substances  have 
l>een  obtained  in  experiments  with  animals.  Loeb  ^  found  this  to  be 
true  of  certain  acids,  hydrates,  and  mineral  salts,  the  accelerating 
effect  produced  by  the  solutions  upon  the  absorption  of  water  by 
muscles,  the  rhythmical  contraction  of  muscles  and  the  segmentation 
of  eggs  being  attributed  to  hydrogen  ions,  hydroxyl  ions,  or  different 
basic  cathions,  as  the  case  may  be.' 

The  as  yet  obscure  problem  of  the  mode  of  action  of  chemical 
stimuli  as  regards  plants  has  been  discussed  by  Pfeffer,^  from  whom 
it  may  be  permissible  to  quote  at  some  length : 

"In  the  regulation  of  activity  chemical  stimuli  certainly  play  a 
very  extensive  x>Art.  It  is  obviously  a  matter  of  chemical  stimula- 
tion that  the  seeds  of  Orobanche  and  of  LathrsBa  germinate  only 
upon  the  roots  of  host  plants,  and  probably  the  same  occurs  with 
fungi.  In  the  case  of  initiatory  or  only  regulatory  stimuli,  there  may 
be  partly  involved  substances  which  the  organism  does  not  neces- 
sarily require.  In  fact,  under  certain  circumstances  very  different 
substances  can  cause  an  acceleration  of  activity.  *  *  *  These 
and  similar  phenomena  obviously  arise  from  different  causes.  Partly 
it  may  be  a  matter  of  physiological  counter  reactions,  which  can  also, 
for  example,  occasion  an  increase  of  respiration,  of  circulation  of  the 
protoplasm,  etc.,  in  response  to  injurious  or  other  action.  In  other 
cases  a  more  simple  chemical  acceleration  of  reaction  may  be  con- 
cerned, as  in  catalytic  action." 


>  Jonm.  ColL  ScL  Univ.  Tokyd,  18, 141  (1000).  This  aathor  experimented  with 
yarious  species  of  algse  aud  f  angi  in  order  to  determine  their  reaction  to  minnte 
qoantities  of  the  stdphates  of  zinc,  nickel,  iron,  and  cobalt  as  well  as  to  sodium 
fluoride,  lithium  nitrate,  and  potassium  arsenate.  He  found  a  marked  increase  in 
the  total  amoant  of  vegetable  matter  prodaoed  in  the  presence  of  any  one  of  these 
substances,  the  increase  in  the  cpse  of  algse  being  dne,  however,  to  the  stimulation 
of  vegetative  reproduction  rather  than  to  any  marked  increase  in  the  size  of  indi- 
vidnal  plants.  The  optimum  dose  for  algsB  is  considerably  smaller  than  that 
for  fungi,  0.0001  gram  molecule  in  most  cases  proving  toxic  to  the  former.  Zinc 
sulphate  exerts  the  greatest  stimulating  effect  These  salts  (especially  ZnS04 
and  NaFl)  tend  to  hinder  the  development  of  spores  in  fungi  Copper  sulphate 
and  mercuric  chloride  stimulate  the  growth  of  fungi,  but  not  of  algae. 

'See  all  the  papers  of  this  author  cited  in  the  Bibliography. 

^  It  is  probably  worth  while  at  this  point  to  call  attention  to  the  fact  that  in 
nearly  every  case  where  this  stimulative  effect  has  been  observed,  electrolytes 
have  been  used  which  are  known  to  show  marked  hydrolysis,  with  the  formation 
either  of  hydroxyl  ions,  or  more  generally,  as  in  the  case  of  salts  of  the  heavy 
metals,  of  hydrogen  ions.  And  it  may  well  be  that,  as  in  the  studies  of  Loeb,  the 
stimulatins  effects  observed  by  former  investigators  may  rightly  be  ascribed  in 
the  majority  of  cases  to  the  presence  of  these  ions. 

« Jahrb.  far  wiss.  Botanik,  88,  238,  289  (1895). 
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In  another  work*  Pfeffer  enoiphasizes  the  idea  of  counter  reactions, 
suggesting  that  *'one  has  to  do  in  this  accelerating  stimulation  with 
one  of  the  manifold  reactions  whicli  serve,  through  more  intensive 
activity,  to  counteract  as  far  as  possible  an  injurious  influence  or  to 
compensate  injuries."  And  again :^  "Probably  this  [stimulating] 
effect  results  from  a  general  reaction  of  the  organism  against  injurious 
substancas,  since  similar  effects  are  induced  by  ether,  alkaloids,  etc., 
effects  which  also  find  expression  in  an  increase  of  fermentation  and 
respiration.  *  *  *  It  is  easy  to  understand  *  *  ♦  that  further- 
more such  substances  as  are  poisonous  only  in  higher  concentration 
generally  occasion  no  obvious  [stimulating]  effect." 

If  it  can  be  shown  that  such  stimulating  effect  is  sufficiently 
permanent  to  express  itself  in  a  marked  increase  in  the  yield  of  a 
crop,  its  economic  imi)ortance  would  be  obvious.  That  the  pres- 
ence of  a  certain  amount  of  calcium  salts  in  the  soil  may  really  act 
as  a  chemical  stimulant  to  growth,  apart  from  the  value  of  the  salts 
as  plant  food,  or  in  rendering  soluble  other  nutritive  soil  components 
there  appears  to  be  some  reason  to  believe.  It  is  not  impossible  that 
other  substances,  even  perhaps  those  salts  of  magnesium  and  of  sodium 
which  constitute  the  must  noxious  components  of  alkali  soils,  when 
present  in  quantity  too  small  to  be  harmful,  may  be  actively  stimula- 
tive rather  than  merely  indifferent  to  plants.  That  several  of  them 
are  likewise  valuable  as  sources  of  nutritive  material  is  well  known. 
Whether,  after  all,  the  distinction  between  the  chemically  stimulating 
effect  and  the  utility  as  food  of  certain  mineral  salts  be  always  as  sharp 
as  is  commonly  supposed,  is  a  question  which  can  not  yet  be  regarded 
as  decisively  answered. 

ECONOMIC  IMPORTANCE  OF  THE  RESULTS. 

Some  of  the  facts  ascertained  by  these  experiments  with  salt  solu- 
tions in  their  effect  upon  plants  have  a  direct  practical  bearing  upon 
agricultural  conditions  and  methods  in  regions  where  alkali  salts  are 
frequent.  Attention  is  particularly  directed  to  the  effects  obtained 
by  the  addition  of  lime  salts  to  others.  Each  of  the  common  soluble 
alkali  salts  is  found  to  be  very  injurious  when  alone,  but  usually 
much  less  harmful  when  two  are  mixed,  especially  when  a  salt  of  lime 
is  one  component  of  the  mixture.  This  is  strikingly  the  case  with  sul- 
phates of  magnesium  and  of  sodium,  the  noxious  effects  of  these  salts 
being  enormously  lessened  by  the  application  of  lime,  particularly  in 
the  form  of  gypsum  or  land  plaster  (the  dihydratc  of  calcium  sul- 
phate). Contrary  to  the  general  impression,  this  corrective  effect  was 
found  in  water-culture  experiments  to  be  considerablj' less  for  "black 
alkali"  (sodium  carbonate)  than  for  any  of  the  "white  alkali"  salts, 
although  even  the  harmf  ulness  of  black  alkali  can  certainly  be  greatly 
diminished  by  the  use  of  gypsum. 


>  Pflanzenphysiologie  (Zweite  Anflage),  1,  374  (1897;. 
'Ibid.,  p.  409. 
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The  soluble  chloride  of  lime  oould  apparently  also  be  used  to  advan- 
tage upon  a  soil  which  is  strongly  impregnated  with  alkali.  With 
this  salt  the  best  effects  would  be  anticipated  when  it  is  used  as  a  rem- 
edy for  black  alkali,  although  it  is  likewise  a  powerful  antidote  for  the 
chloride  and  sulphat-e  of  soda  and  of  magnesia.  But,  except  in  rare 
Instances,  the  use  of  chloride  of  lime  ux>on  a  large  scale  is  hardly  prac- 
ticable. The  little-soluble  carbonate  of  lime  is  likewise  more  or  less 
beneficial  in  all  cases  except  that  of  black  alkali,  but  it  is  a  much 
less  x>owerful  remedy  than  is  land  plaster  (calcium  sulphate).  * 

Much  economic  value  should  att.ach  to  an  extension  of  these  experi- 
ments by  using  mixtures  of  more  than  two  salts.  It  would  thus  be 
X>08sible  to  imitate  more  closely  the  conditions  which  obtain  in  alkali 
soils,  where  several  or  all  of  these  salts  usually  occur  together. 
Furthermore,  other  kinds  of  plants  should  be  tried  in  order  to  deter- 
mine to  what  extent  plants  differ  one  from  another  in  their  ^wer  to 
resist  the  effect  of  various  combinations  of  alkali  salts.  In  this  con- 
nection experiments  should  be  made  with  wheat,  barley,  sugar  beets, 
and  other  important  crops  of  the  region,  as  it  may  be  found  that  one 
crop  is  better  adapted  than  another  to  withstand  the  effects  of  this  or 
that  tyj^  of  alkali  soil. 

This  leads  to  the  possibility  of  selecting  alkali-resistant  breeds  of 
each  of  the  leading  crops.  By  observation  of  a  stand  of  wheat  or  of 
alfalfa  which  has  been  injured  by  the  *'  rise  of  alkali "  or  by  the  use  of 
alkaline  irrigating  water,  it  is  usually  possible  to  find  here  and  there 
individual  plants  which  have  succeeded  in  surviving  the  injurious 
effects  of  the  salts.  Similar  differences  in  the  power  of  individuals 
to  resist  the  action  of  alkali  salts  was  detected  in  the  culture  exper- 
iments. By  continued  selection  of  the  seed  of  such  resistant  individ- 
uals, sowing  it  season  after  season  in  alkali  soil,  there  is  reason  to 
hope  that  in  time  a  race  could  be  developed  and  fixed  which  would 
flourish  in  soils  containing  a  greater  amount  of  alkali  than  can  be 
endured  by  the  ordinary  agricultural  varieties.*  It  will  likewise  be 
very  interesting  to  determine  whether  a  race  bred  to  resist  black  alkali, 
for  example,  will  also  prove  to  be  proportionately  i^esistant  to  white 
alkali,  or  whether  it  will  be  possible  and  desirable  to  develop  differ- 
ent races  to  suit  diffei'ent  types  of  alkali  soil.  An  observation  already 
cited  (see  p.  34)  w^ould  indicate  that  the  different  power  of  resistance 
possessed  by  individuals  of  the  same  species  of  plant  is  brought  out 


'Observations  made  by  Roos,  Ronsseaux,  and  Dngast  [Ann.  de  la  Science  Agron., 
8§r.  3, 6ieme  ann^,  8, 836  (1900)]  indicate  such  differences  among  the  grapes  culti- 
vated in  Algeria.  It  was  found  that  of  different  varieties  growing  in  the  same 
soil  the  fmit  of  some  absorbed  less  sodium  chloride  from  the  soil  than  was  taken 
up  by  others.  As  the  sale  of  wine  containing  too  high  a  content  of  sodium 
chloride  is  prohibited  by  law  in  France,  the  economic  importance  of  this  discovery 
is  obvious.  Although  the  problem  here  involved  is  somewhat  different  from  that 
of  the  power  of  resistance  to  the  poisonous  effects  of  a  salt  upon  the  plant,  it  serves 
to  illustrate  the  general  principle  that  different  individuals  or  races  show  marked 
dissimilarity  in  their  behavior  in  the  presence  of  a  given  soil  component. 
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more  sharply  in  the  presence  of  the  carbonates  of  soda  than  when 
other  ''alkali"  salts  ai-e  concerned. 

So  great  appears  to  be  the  promise  of  i-esalts  to  be  obtained  by  breed- 
ing alkali-resistant  races  of  the  more  important  field  crops  of  the  far 
western  United  States,  that  the  Department  of  Agriculture  has  already 
undertaken  work  on  this  line.  During  the  past  season  experiments 
with  this  end  in  view  were  begun  under  the  direction  of  Mr.  Webber, 
of  the  Plant-Breedinir  Laboratory,  Division  of  Vegetable  Physiology 
and  Pathology.  It  is  hoped  that  they  will  demonstrate  the  practical 
value  of  this  method  of  approaching  the  problem. 

SUMMARY. 

As  the  result  of  these  preliminarj^  studies,  the  following  faet«i  can 
be  i"egarded  as  established: 

(1)  Those  readily  soluble  salts  of  magnesium  and  of  sodium  which 
are  characteristic  components  of  alkali  soils  are  exceedingly  injurious 
to  plants  when  exposed  to  pure  solutions  of  them  of  concentration 
above  a  minimum  which  is  specific  for  each. 

(2)  They  ai'e  toxic  in  the  following  sequence,  beginning  with  the 
most  harmful:  Magnesium  sulphate,  magnesium  chloride,  sodium  car- 
bonate, sodium  sulphate,  sodium  chloride,  and  sodium  bicarbonate. 

(3)  Calcium  chloride  in  pure  solution  is  ten  times  less  injurious 
than  sodium  chloride,  and  two  hundred  times  less  injurious  than 
magnesium  sulphate,  if  chemically  equivalent  solutions  are  considered. 

(4)  Magnesium  carbonate  in  a  saturated  solution  is  not  markedly 
injurious,  while  magnesium  bicarbonate  in  saturated  solution  acts  as 
u  strong  poison.  Calcium  carbonate  and  calcium  sulphate  are  posi- 
tively stimulating  in  saturated  solutions,  while  calcium  bicarbonate 
appears  to  be  decidedly  injurious. 

(5)  The  toxic  effect  of  the  injurious  salts  is  due  very  much  more  to 
the  influence  of  the  cathions  (derived  from  the  basic  radicle)  than  to 
the  anions  (furnished  by  the  acid  radicle). 

(6)  By  mixture  of  equal  volumes  of  two  readily  soluble  salts,  or  by 
the  addition  of  a  solid  excess  of  a  relatively  insoluble  to  a  solution 
of  an  easily  soluble  salt,  the  toxic  effect  of  the  more  harmful  compo- 
nent can  in  a  majority  of  cases  be  diminished,  or  the  concentration  of 
the  more  toxic  salt  endurable  by  the  roots  of  plants  can  be  increased. 

(7)  This  increase  is  much  greater  in  cases  where  a  different  kind  of 
cathion  is  added  to  the  solution  than  when  a  new  anion  only  is 
introduced. 

(8)  Addition  of  sodium  ions  to  a  solution  cont.aining  magnesium 
ions  in  most  instances  markedly  weakens  the  toxic  action  of  the  latter. 

(9)  Addition  of  calcium  ions  to  solutions  containing  either  sodium 
or  magnesium  ions  nearly  always  counteracts  to  an  extraordinary 
degree  the  injurious  effect  of  the  sodium  or  magnesium  ions,  this 
beneficial  influence  being  usually  much  more  marked  when  calcium 

^       is  furnished  as  the  sulphate  than  when  the  chloride  is  added. 
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(10)  The  ameliorating  effect  of  calcium  sulphate  is  much  more 
marked  when  it  is  added  to  sulphates  of  magnesium  and  of  sodium 
tlian  when  it  is  mixed  with  the  corresponding  chloride.  It  raises  the 
concentration  limit  endurable  by  plant  roots  in  magnesium  sulphate 
four  hundred  and  eighty  times,  in  sodium  sulphate  more  than  sixty 
times. 

(11)  Even  plasmolysis,  although  supi)osedly  a  reaction  to  purely 
physical  stimuli,  can  apparently  be  completely  prevented  by  altering 
the  chemical  nature  of  a  solution  without  materially  diminishing  its 
osmotic  pi-essure.  At  any  rate,  plasmolysis  was  not  detected  in  cases 
Inhere  a  solid  excess  of  calcium  sulphate  had  been  added  to  a  0.3  or 
even  0.4  normal  solution  of  magnesium  sulphate,  although  a  pure 
solution  of  magnesium  sulphate  is  very  strongly  plasmolyzing  at 
the  concentrations  named. 

(12)  Calcium  chloride  appears  to  be  peculiarly  effective  in  neutral- 
izing the  effect  of  sodium  carbonate. 

(13)  The  effect  of  one  kind  of  ion  in  counteracting  the  physio- 
logical action  of  another  kind  can  not  be  entirely  explained  by  a  study 
of  the  chemistry  of  the  solution  itself,  but  must  in  part  be  I'eferred 
to  complicated  changes  in  the  protoplasm  of  the  organisms.  The 
theory  that  ions  furnished  by  the  dissociation  of  electrolytes  form 
intimate  combinations  with  the  proteids  of  pi*otoplasm,  and  that 
their  mutually  antagonistic  effect  expresses  itself  in  a  replacement 
of  one  kind  of  ion  by  another  as  a  result  of  change  in  the  composition 
of  the  surrounding  solution,  would  appear  to  afford  the  key  to  this 
problem. 

(14)  At  a  certain  degree  of  dilution  all  of  these  salts  become 
indifferent  (i.  e. ,  neither  toxic  nor  stimulating)  in  their  action  upon 
plant  tissues.  The  maximum  concentration  of  the  indifferent  solu- 
tion is  likewise  specific  for  each  salt. 

(15)  At  a  still  gi*eater  dilution  some  of  them,  as  the  salts  of  calcium 
and  the  two  carbonates  of  sodium,  produce  a  positively  stimulating 
effect  upon  the  growth  of  roots. 

(16)  Individual  plants  show  a  marked  dissimilarity  in  their  power 
of  resistance  to  the  toxic  action  of  the  alkali  salts.  Such  individual 
diffei3Bnc€^s  are  strikingly  accentuated  in  solutions  of  sodium  carbon- 
ate and  of  sodium  bicarbonate  of  the  maximum  concentration  which 
will  permit  any  of  the  roots  to  retain  their  vitality. 

CONCLUSION. 

Too  great  stress  can  not  be  laid  upon  the  fact  that  the  experiments 
upon  which  the  present  report  is  based  are  merely  preliminary. 
Furthermore,  they  were  designed  primarily  to  afford  a  standard  for 
comparison  of  the  salts  involved.  It  is  not  to  be  expected — indeed,  it 
is  assuredly  not  true — ^that  in  the  soils  containing  these  salts  the  con- 
ditions are  quite  comparable  to  those  maintained  in  the  laboratory  in 
the  course  of  these  investigations.  The  physical  nature  of  the  soil, 
as  well  as  the  presence  of  various  other  soluble  substiinces,  renders  it 
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certain  that  nowhere  in  the  field  will  these  salts  be  found  to  have 
anything  like  the  poisonous  effect  which  they  severally  exert  upon 
the  roots  of  plants  immersed  in  water  solutions.  Nevertheless  it  is 
only  from  such  experiments,  conducted  under  simplified  conditiona, 
that  we  can  draw  conclusions  as  to  the  actual  effect  of  the  components 
of  alkali  soils  upon  plant  growth. 

It  is  very  desirable  that  this  line  of  investigation  be  continned  and 
extended.  Further  combinations,  perhaps  of  more  than  two  salts, 
should  be  tested;  an  attempt  should  be  made  to  Imitate  as  closely  as 
possible  natural  soil  conditions;  plants  in  different  stages  of  growth 
should  be  tried,  for  in  irrigated  regions  it  often  happens  that  h  stand- 
ing crop  is  exi)osed  to  a  varying  soil  content  of  soluble  salts  at  differ- 
ent periods  of  its  development.  Finally,  it  is  higldy  important  that 
the  experiments  be  repeated  with  other  plants  of  wideb'  different 
relationship  and,  as  far  as  possible,  of  actual  agricultural  importance 
in  the  region  concerned.  For  while  we  may  assume  for  the  present 
that  the  same  sequence  of  harmfulness  of  the  several  salts  will  obtain 
in  the  case  of  most  or  all  ordinarily  cultivated  plants,  this  is  ojjen  to 
doubt,  and  it  is  quite  certain  that  the  actual  limits  of  endurance  differ 
in  the  case  of  different  plants. 
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FOBIEATIOH    OF    SODIUM    CARBOHATE,   OR    BLACK    ALKALI,   BT 

PLAHT8. 


By  Frank  K.  Cameron. 


INTRODUCTION. 


Considerable  attention  has  been  paid  within  the  past  few  years  to 
the  possibility  of  growing  valuable  forage  crops  on  some  of  the  alkali 
soils  of  the  arid  West.  This  subject  was  first  taken  up  in  California.^ 
The  great  value  of  saltbushes  for  certain  soil  conditions  and  for  cer- 
tain kinds  of  cattle  feeding  seems  to  be  well  established,  but  as  both 
Hilgard  and  Goss'^  have  pointed  out  there  is  an  element  of  danger, 
expressed  in  the  prevalent  belief  that  most  of  these  plants,  including 
the  grease  wood,  chico,  and  other  indigenous  plants,  convert  the  less 
harmful  neutral  salts,  such  as  sodium  chloride  and  sodium  sulphate, 
into  alkali  carbonates — that  is  to  say,  the  less  harmful  **  white  alkali " 
is  converted  into  the  more  noxious  ^' black  alkali,"  as  has  been 
shown  by  the  presence  of  sodium  carbonate  immediately  under  such 
plants,  whereas  no  trace  of  it  exists  some  distance  away.  It  may  be 
I>08sible  that  the  plants  with  their  enormous  root  systems  actually 
gather  up  minute  traces  of  sodium  carbonate,  which  may  be  present 
in  lower  depths  of  soil,  gradually  causing  an  accumulation  at  the 
surface  on  the  decay  of  their  roots  and  branches.  But  the  generally 
accepted  hyx>othesis  of  the  conversion  of  the  neutral  salts  appears 
more  probable,  as  will  be  seen  in  the  course  of  this  paper.  It  would 
seem  probable  that  plants  growing  in  bunches  or  mats  would  be  more 
effective  in  producing  these  localized  black-alkali  spots,  but  some  of 
the  most  striking  illustrations  of  this  phenomenon  have  been  observed 
in  connection  with  more  upright  species,  such  as  Sarcobatus  vermi' 
culatuSy  the  common  "greasewood"  of  the  West. 

In  the  study  of  the  alkali  soils  of  the  arid  regions  the  field  parties 
of  the  Division  of  Soils  have  found  the  local  flora  of  great  value  in 
indicating  the  character  of  the  particular  soils  where  they  are  found. 
This  apparent  relation  between  the  plant  and  the  salts  present  in  the 
Boil  became  of  interest  in  this  connection  and  was  referred  to  the 


'University  of  California, Agricultural  Experiment  Station,  Bui.  No.  125  (1899). 
*New  Mexico  College  of  Agricaltnre  and  Mechanical  Arts,  Agricultural  Experi- 
ment Station,  Bui.  No.  22,  p.  41  (1897). 
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laboratory  for  consideration.  The  results  of  some  preliminary  inves- 
tigations have  proved  of  such  interest  as  to  warrant  immediate 
publication. 

CREOSOTE   BUSH. 

A  specimen  of  the  creosote  bush  *  (  CoviUea  tHdeniata)  was  examined. 
This,  while  a  desert  plant,  is  said  to  shun  soils  where  there  is  much 
water-soluble  salts.  Mr.  Means  states  that  its  presence  can  be  taken 
as  a  sure  indication  of  land  free  from  injurious  quantities  of  alkali 
It  is  found  in  dry,  well-drained  upland  soils. 

The  material  was  thoroughly  air  dried.     The  leaves  and  stems  were 
then  carefully  separated,  and  both  of  the  separated  samples  were 
ground  fine  in  an  agate  mortar.     A  portion  of  each  sample  was  burned 
to  ash.     The  finely  ground  air-dried  material  and  the  ash  were  each 
carefully  leached  with  successive  small  portions  of  Water  until  the 
leachings  ceased  to  show  the  presence  of  chlorides.     The  leaehings  in 
each  case  were  then  brought  together  and  made  up  to  a  volume  of  500 
cubic  centimeters,  and  the  various  det.erminations  were  made  with 
100  cubic  centimeter  portions.      The  carbonates*  were  determined 
by  titrating  with   a  twentieth  normal  (N/20)  solution  of  hydr<^n 
potassium  sulphate  until  loss  of  color,  using  |)henolphthaleine  as  indi- 
cator.    So  soon  as  the  color  had  disappeared  a  drop  or  two  of  a  solu- 
tion of  potassium  chromate  was  added  and  the  chlorine  determined 
by  titrating  with  a  tenth  normal  (N/10)  solution  of  silver  nitrate. 
The  sulphates,  when  determined,  were  estimated  gravimetrieally  as 
barium  sulphate  in  the  usual  manner.     For  convenience  the  acids  thos 
found  to  be  present  are  stated  as  the  corresponding  sodium  salts. 
This  procedure  seemed  to  be  justified  by  a  subsequent  determination 
of  the  amount  of  sodium  present  in  the  solution.     It  is  a  well  estab- 
lished fact,  and  a  familiar  one  to  chemists,  that  when  a  salt  of  an 
alkali  metal  is  burned  down  with  charcoal  or  other  organic  matter  a 
part  of  the  mineral  acid  is  volatilized  and  driven  off,  the  alkali  base 
forming  a  carbonate,  which  is  a  stable  compound  even  at  quite  high 
temperatures.     Nevertheless  this  is  a  point  often  overlooked  in  the 
discussion  of  ash  analyses.     In  obtaining  the  ashes  the  examinations 
of  which  are  described  in  this  paper,  very  great  care  was  exercised  to 
reduce  the  amount  of  this  loss  of  the  mineral  acid  as  far  as  i)ossible, 
and  the  burning  was  done  at  as  low  a  temperature  as  possible.    In 
some  cases  the  large  amount  of  fused  salt  in  the  burning  ash  coated 
the  charred  organic  matter  in  such  a  way  as  to  render  further  com- 
bustion at  a  comparatively  low  temperature  quite  impossible.    In  these 
cases  the  combustion  was  stopped,  the  fused  salts  leached  out  with 
water,  and  the  residue  reburned.     It  seems  probable,  as  will  appear 
from  the  results  which  will  be  presented,  that  the  loss  of  mineral  acids 


1  Collected  by  Mr.  Thos.  H.  Means  near  Tempe,  Ariz.;  kindly  identified  form 
by  Mr.  F.  V.  Covllle. 

'Report  64,  Division  of  Soils,  U.  S.  Dept  Agr.  (1900);  Amer.  Ghem.  JoQr.,13^ 
571  ( 1900) .    Bui.  18,  p.  77,  Division  of  Soils,  U.  S.  Department  of  A^cnltnn  (1901). 
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in  the  burning  of  the  plant  to  ash  was  kept  down  to  a  very  small  x>er- 
centage  by  following  the  procedure  described. 

The  data  obtained  on  examination  of  the  ashes  from  the  creosote 
bush  are  presented  in  the  following  table: 

TabIjB  XII. — AnaJysis  of  the  cuth  of  the  creosote  husk. 


Stems. 


"Weight  of  sample,  grams 

Weiirht  of  a^.,  grams 

Ash.  per  cent  of  plant 
-ftr^  /-firv    ,w^«  .»<^«»Vr.f  «<>: 


IfiuCOa,  per  cent  of  ash 
NaCl,per  "     " 


cent  of  ash. 


NatCQi.per  cent  of  air-dried  plant. 
KaCl,pei         


,  per  cent  of  air-dried  plant 


Leaves 

'    Iieayes. 

and  small ' 

stems. 
3.6M2 

8.5660 

.828S 

.3795 

9.06 

10.27 

8.00 

13.18 

5.71 

5.37 

.86 

1.35 

.55 

.55 

6.6445 
.3710 

5.68 
17.  ?d 

3.55 
.99 
.19 


The  dry  leaves,  which  had  been  ground  fine  in  a  mortar,  were 
extracted  with  distilled  water  at  the  room  temperature  in  the  manner 
described  above.  The  extract  failed  to  show  the  presence  of  either 
sodium  carbonate  or  sodium  chloride,  but  appeared  to  be  slightly  acid. 
An  extract  made  by  boiling  the  leaves  with  water  also  failed  to  show 
anv  chlorides  or  carbonates. 

From  the  facts  which  have  been  presented  it  would  appear  that 
while  the  plant  does  contain  chlorine  there  is  no  sodium  chloride 
present  as  such,  and  therefore  it  is  probable  that  the  chlorine  is  in 
organic  combination  although  nothing  is  definitely  known  of  the 
presence  of  such  combinations  in  plants.  The  sodium  is  largely  in 
excess  of  the  amount  required  to  balance  the  chlorine  as  sodium  chlo- 
ride. This  fact  was  shown  by  an  actual  determination  of  the  sodium.^ 
It  would  seem,  therefore,  that  at  least  a  large  part  of  the  sodium  in  the 
plant  is  in  organic  combination,  possibly  with  some  organic  acid,  and, 
on  combustion  or  ultimate  decay  of  the  plant  tissues,  much  sodium 
carlx>nate  would  be  formed,  as  was  found  to  be  the  case  when  the  plant 
was  reduced  to  ash  in  the  laboratory. 

It  is  interesting  to  note  that  the  mineral  constituents,  as  shown  by 
the  ash  analyses,  had  accumulated  in  the  leaves  to  about  twice  the 
amount  in  which  they  were  held  by  the  stems.  The  difference  is  very 
much  less,  however,  if  we  consider  only  the  water-soluble  constitu- 
ents in  the  ashes.  Assuming,  for  the  sake  of  argument,  that  the  base 
in  combination  with  the  carbonic  acid  and  chlorine  as  determined  was 
entirely  sodium,  its  distribution  is  shown  by  the  following  table: 

Table  XIII. — Distribution  of  sodium  in  leaves  and  stems. 


Part  of  plant. 


Percentages  calculated  for  ash. 


Percentages  calcnlated  for  air- 
dried  plant. 


Prom 
KatCOs. 


LeaTea 
Stems  . 


From 
Na,00^ 


From 
NaCl. 


Total. 


0.60 
.60 


'  Unfortanately  it  was  not  anticipated  at  the  time  this  determination  was  made 
that  the  exact  figure  would  be  required  in  thia  discussion,  and  the  data  were  not 
entered  in  the  laboratory  notebook  and  have  been  mii&laid. 
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It  Appears  that  in  the  leaves  there  was  about  2.7  times  as  moch 
sodium  as  was  necessary  to  balance  the  chlorine,  while  in  the  stems 
there  was  more  than  seven  times  as  much  of  the  base  as  the  acid  would 
require.  This  suggests  the  possibility  that  the  chlorine  was  being 
eliminated  through  the  leaves,  probably  in  the  form  of  some  volatile 
compound,  which  may  be  the  source  of  the  odor  from  the  plant.  This 
idea  is  brought  out  somewhat  more  strikingly,  perhaps,  by  noting  that 
the  analytical  figures  given  above  indicate  that  the  total  amount  of 
water-soluble  mineral  constituents  in  the  leaves  is  1.19  times  the 
amount  in  the  stems,  but  that  the  amount  of  chlonne  in  the  leaves  is 
2.75  times  that  found  in  the  stems;  from  which  it  would  appear  that  the 
chlorine  was  being  concentrated  in  the  leaves  anci,  as  has  been  pointed 
out,  was  there  present,  in  all  probability,  in  organic  combination.  This 
is  a  point  which  merits  further  attention,  and  it  is  hoped  that  it  will 
be  the  subject  of  a  more  thorough  investigation  in  the  future. 

GREASEWOOD. 

A  more  thorough  examination  of  a  specimen  of  greasewood  ^  {Sarco- 
hatus  x^ermiculatus)  was  made.  This  is  a  typical  '^alkali  plant,"  its 
presence  being  usually  regarded  as  a  good  indication  of  much  water- 
soluble  material  in  the  soil.  Mr.  Means  reports  that  whenever  he  has 
observed  it  the  soil  generally  shows  the  presence  of  sodium  carbonate, 
the  only  exception  "being  in  Montana,  where  the  soluble  salts  are 
entirely  sulphates.  It  would  appear  that  this  latter  statement  war- 
rants further  examination  of  the  locality  mentioned. 

The  analytical  results  obtained  from  examination  of  the  ashes 
follow: 

Table  XIV. — AncUysis  of  the  ash  of  tJie  greasewood  plant. 


Weight  of  sample,  grams 

Weight  of  ash,  grams 

Ash,  per  cent  of  plant 

Na^COi,  per  cent  of  ash  . . 

NaCl,  per  cent  of  ash 

NatS04,  per  cent  of  ash 


Leaves  *  ,    Leaves    I 
and  bios-     and  bios-  '  Stems. 
Boms  U).     soms  (S). 


NaiCOs,  per  cent  of  air-dried  plant. 
NaCl,  per  cent  of  air-dried  plant . .. 
NasS04,I>er  cent  of  air  drioa  plant.. 


S.OOTM)  ;  10.«17 

Li;%         .5374 

23.47  4.94 

57.90  9.46 

2S.24      ,  14.31 

3.« 


10.6305 

2.7505 
25.85 
51.93 
20.47 

7.97 
13.43  13.60  1.45 

5.29  5.2S  .71 

2.05     : i      1.18 


*  Owing  to  the  relatively  large  amount  of  fused  salts  which  coated  the  carbon  or  other  organic 
matter,  this  latter  could  not  be  completely  burned  off  when  reducing  such  a  large  sample  to  ash. 

Five  grams  of  leaves  and  blossoms,  by  successive  leachings  with 
distilled  water  at  room  temperature  until  the  leachings  aggregated  3 
liters,  gave  (1)  5.81  and  (2)  5.68  per  cent  of  sodium  chloride.  In  both 
exi)eriments  the  washings  showed  no  trace  of  soluble  carbonates,  but 
were  slightly  acid.  The  residue  from  (1)  after  ignition  gave  a  trace 
of  sodium  chloride  and  0.04  per  cent  of  sodium  carbonate. 


Collected  by  Mr.  Frank  D,  Gardner  near  Salt  Lake,  Utah. 
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By  the  method  of  Cariiis — that  is,  heating  in  sealed  tubes  with  fum- 
ing: nitric  acid  and  silver  nitrate — 

(1)  0.2327  gram  of  leaves  and  blossoms  gave  0.0310  gram  AgCl, 
equivalent  to  5.43  per  c^nt  of  sodium  chloride. 

(2)  1.0759  grams  of  leaves  and  blossoms  gave  0.1432  gram  AgCl, 
equivalent  to  5.43  per  cent  of  sodium  chloride. 

From  these  results  it  would  appear  that  the  plant  contains  chlorine, 
but,  within  the  limits  of  experimental  error,  all  the  chlorine  is  present 
as  sodium  chloride,  which  can  be  leached  out  with  water  at  ordinary 
temperatures.  This  is  probably  true  of  the  major  part  of  the  sul- 
phates also,  although  this  was  not  shown  quantitatively.  A  striking 
feature  is  the  much  larger  amount  of  ash  from  the  leaves  and  blossoms 
than  from  the  stems  and  the  markedly  larger  percentage  of  the  alkali 
salts  in  the  ash  of  the  former.  The  idea  suggests  itself  that  possibly 
this  plant  takes  up  and  stores  the  salts  and  holds  them  as  such 
until  it  is  ready  to  use  such  part  of  them  as  it  needs.*  On  the  other 
hand,  it  may  be,  for  all  that  we  now  know,  that  these  salts  are 
present  as  described  only  because  the  plants  can  not  prevent  their 
accumulation,  and,  so  far  from  being  an  inherent  feature  of  the  plant's 
economy,  it  may  be  a  most  undesirable  accident  due  to  their  peculiar 
environment,  but  an  accident  in  spite  of  which  these  particular  plants 
are  able  to  survive.^  But,  as  Schimper «  has  pointed  out,  this  can  not 
be  true  in  all  cases,  as  evidenced  by  the  fact  that  halophilous  plants 
show  a  tendency  to  take  up  more  salts  than  nonhalophilous  species, 
even  when  grown  in  nonsaline  soils. 

None  of  the  chlorine,  apparently,  was  in  organic  combination,  this 


'Schimper  [iDdomalayiscbe  Strandfiora,  p.  12  (1891);  Pflanzen-Geographie, 
p.  99  (1898)]  has  expressed  the  opinion  that  halophytes  thrive  on  salty  soils 
because  of  a  peculiar  physiological  structure  which  enables  them  to  reduce  to  a 
ininimum  the  evaporation  from  their  leaves  and,  in  consequence,  the  absorption 
of  the  salt  solutions  in  the  soil  through  their  roots.  The  salt  content  of  their  sap 
is  thus  kept  below  a  certain  concentration,  although  this  concentration  may, 
and  often  does,  greatly  exceed  that  which  would  be  determined  by  ''osmotic 
eqailibrium.'' 

Stahl  [Bot.  Zeitung,  p.  139  (1894)]  observes  that  only  a  few  species,  such  as 
Reaumuria  hirtella,  described  by  Volkens  [Die  Flora  der  Aegyptisjh-Arabischen 
Wfiste,  p.  27  (1887)] ,  are  known  to  be  able  to  free  themselves  from  the  salt. 

Diels  [Jahrb.  ffir  wiss.  Botanique,  32, 3 16  (1898)]  objects  tbat  Stahl  experimented 
with  cultivated  plants  and  that  the  retarded  root  action  noted  by  Schimper  does 
not  take  place  under  natural  conditions,  and  that,  as  a  matter  of  fact,  and  probably 
through  the  agency  of  malic  acid,  most,  if  not  all,  the  halophytes  rid  themselves  of 
an  excess  of  chloride.  Diel's  methods  of  experiment,  as  well  as  the  conclusions 
which  he  draws  from  his  own  premises,  are  criticized  by  W.  Beneke,  Jahrb.  ftir 
wiss.  Botanique  86, 179  (1901). 

Directly  hearing  upon  this  hypothesis  is  an  observation  by  Detmer  [Bot.  Zeitung, 
42,  791  (1884)]  that  ''organic  acids  under  the  condition  prevailing  for  the  vegetable 
organism  are  in  a  position  to  decompose  chlorides  with  a  formation  of  free  hydro- 
chloric acid."    See  also,  Osborne,  Report  Conn.  Ag.  Ex.  St.,  liiOO,  p.  441. 

•Contejean,  Geog.  Bot.,  p.  71. 

•^Schimper,  Pflanzengeographie,  p.  101  (1898). 
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completely  disapi)ear  on  combustion,  the  organic  combination  volatil- 
izing as  such,  or  by  decomposition  yielding  volatile  products  contain- 
ing the  chlorine  or  sulphur.^  In  evidence  against  this  view  are  the 
results  obtained  in  the  examination  of  the  sample  of  Sarcohatus 
vermicidattiSj  where  it  was  found  that  the  total  amount  of  chlorine  in 
the  plant,  as  determined  by  the  Carius  method,  in  which  there  was 
afforded  no  opportunity  for  any  of  the  chlorine  to  escape,  was  the 
same  as  the  amount  leached  out  of  the  ashes  by  water,  within  the 
limits  of  experimental  error. 

Another  idea  that  presents  itself  is  that  the  bases  and  acids  are 
taken  up  by  the  plant  in  the  form  of  salt  solutions;  that  the  plant 
selects  and  retains  the  bases  and  excretes  the  acid  radicals  in  some 
manner  as  acids.  It  is  noteworthy,  in  this  connection,  that  it  has 
been  observed  generally  in  the  cases  of  water  cultures  that  the  nutri- 
ent solutions  gradually  become  acid  unless  special  conditions  are 
introduced  to  prevent  it.  Occasionally,  however,  cases  have  been 
found  where  the  culture  solutions  actually  become  alkaline.^  The 
point  of  special  importance  in  this  connection  is  that  either  a  base  or 
an  acid  radical,  more  often  the  latter,  is  either  rejected  or  ejected  by 
the  plant. 

It  seems  to  have  been  generally  supposed  that  the  acidity  of  these 
solutions  was  due  to  organic  acids  formed  and  excreted  by  the  plant, 
but  no  satisfactory  proof  for  this  view  has  been  adduced.  The  weight 
^of  evidence  is  now  decidedly  against  this  view.  It  is  not  at  all  diffi- 
cult, from  the  point  of  view  of  the  chemist,  to  construct  a  probable 
"mechanism  "  for  the  phenomena  presented,  supposing  that  the  plant 
has  selectively  retained  the  basic  constituents  and  excreted  the  acids, 
and  that  the  acidity  of  the  culture  solutions  is  due  to  the  free  mineral 
acids.  Diels's  ^  investigations  in  this  direction  are  particularly  interest- 
ing. He  found  that  certain  halophilous  plants,  when  placed  in  distilled 
water,  steadily  lost  the  sodium  chloride  they  contained.  He  showed 
that  the  salt  was  not  excreted  as  such,^  and  offers  as  a  probable  expla- 
nation that  the  greater  amounts  of  malic  acid — the  formation  of  which 
is  shown  to  be  a  usual  accompaniment  of  growth  in  succulent  plants, 
such  as  most  of  the  halophytes  are — decomposes  the  sodium  chloride, 
forming  sodium  malate  and  hydrochloric  acid,  and  this  latter  is  possi- 
bly excreted  by  the  roots.'  The  solutions  become  acid,  but,  on  account 
of  the  experimental  difficulties,  it  was  not  definitely  proved  that  the 


^  It  is  not  intended  to  imply  that  chlorine  and  sulphur  may  not  i^lay  very  differ- 
ent parts  in  the  plant  economy,  but  the  general  considerations  advanced  might 
be  true  for  either  of  these  or  other  elements. 

>  Witness  the  classical  investigations  of  Stohm&nn,  Sachs,  and  Knop,  described 
by  Johnson  in  How  Crops  Grow,  p.  180. 

^Loc.  cit.  See  also  Kearney,  Contributions  from  U.  S.  National  Herbarium, 
Vol.  V,  No.  5,  p.  277  (1900);  and  Benecke,  Jahrb.  ffir.  wiss,  Botanique,  86, 179  (1901 ). 

*Thifl  point  was  established  as  early  as  1865  by  Wolf,  Landw*Versuchstt.,  7  pp. 
30,211  (1865). 

^  ^^ee  reference  to  Benecke  on  p.  64. 
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acidity  was  due  to  the  pi'esence  of  hydrochloric  acid.  It  is  intended 
that  some  experiments  in  this  direction  shall  soon  be  made  in  the 
laboratory. 

A  somewhat  simpler  explanation  than  the  one  just  described  may 
be  offered — simpler  because  it  does  not  require  that  the  plant  must 
firat  take  up  the  acid  radical  and  then  go  through  the  reverse  process 
of  exuding  it  again.     It  is  known  with  reasonable  certainty  that  a 
certain  amount  of  hydrolysis  takes  place  in  aqueous  salt  solutious, 
although  the  absolute  amount  may  be,  and  with  ordinary  strong  elec- 
trol3'tes  usually  is,   very  small  indeed;   nevertheless,   it  does  take 
place  to  some  extent,  and  it  seems  not  impossible  that  the  plants 
might  show  their  selective  properties  in  the  solution,  taking  up  the 
base  more  rapidly  than  the  acid,  the  latter  in  consequence  being  lefi 
in  greater  proportion  in  the  culture  or  soil  solution.     Of  classical 
importance  in  this  connection  is  the  work  of  Kuhn,^  who  found  that 
when  maize  was  grown  in  a  solution  containing  ammonium  chloride, 
the  ammonium  residue  was  fjartly  taken  up  by  the  plant  and  hydro- 
chloric acid  remained  in  the  solution.     In  fact,  there  does  not  seem 
to  be  any  inherent  difficulty  in  supposing  that  the  plant  might  selec- 
tively absorb  any  ion  for  which  it  might  have  a  special  predilection. 
As  soon  as  this  ion  is  removed  from  the  solution  the  corresptmding 
ion  with  its  opposite  charge  of  electricity  must  either  be  removed 
from  the  solution  by  precipitation  or  volatilization,  for  example,  or  it 
at  once  reacts  with  the  water.     Supposing  the  ion  removed  by  the 
plant  to  be  a  base,  the  action  of  the  remaining  acid  ion  on  the  water 
must  necessarily  be  accompanied  by  the  liberation  of  oxygen  from 
the  water  of  the  solution.     Whether  or  not  any  observation  of  this 
kind  has  been  made  I  do  not  know,  but  the  lil3eration  of  the  oxyjn^n 
might  very  well  take  place  so  slowly  as  to  escai)e  detection.    The 
question  as  to  what  becomes  of  the  electrical  energy  on  the  ion  which 
the  plant  absorbs  will  be  answered  in  a  consideration  of  the  work 
energy,  heat  energy,  or  other  equivalent  forms  of  energy  involved  in 
the  mechanism  of  the  absorption  process,  and  does  not  ne<»essarily ' 
demand  further  consideration  at  this  point.  ^ 

It  must  be  admitted  in  all  frankness  that  the  known  faets  in  our 
possession  are  not  sufficient  to  justify  a  positive  opinion  as  to  the 
views  just  presented.  They  seem,  however,  to  be  founded  on  a 
rational  basis  and  are  put  forward  tentatively  as  suggestive  of  jwssi- 
ble  lines  of  investigation  and  the  justification  for  formulating  them 
here  will  be  found  in  the  results  of  future  work.  Whatever  may  be 
the  bearing  of  this  work  on  the  ideas  here  presented,  it  can  not  fail 
to  be  of  the  utmost  importance  in  throwing  light  upon  the  difficult 
I)roblem  of  plant  nutrition. 


'  Henneberg's  Jonmal.  pp.  116  and  135  (1864). 

'  These  views  are  not  intended  to  imply  that  salts  can  not  be  taken  np  as  such, 
even  by  nonhalophilous  plants,  nnder  certain  conditions.  Wolf  (loc.  cit )  has 
long  since  shown  that  this  may  be  done,  and  that,  moreover,  in  snch  cases  the 
process  can  not  be  a  simple  diffusion  phenomenon. 
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From  the  data  presented  above  it  is  evident  that  in  the  decay  of 
wood  or  leaves  or,  in  general,  of  plant  tissues,  alkaline  carbonates 
are  furnished  to  the  soil.  It  may  be  that  the  processes  of  decay  will 
furnish  at  the  same  time  organic  acids  stronger  than  carbonic  acid 
and  in  sufficient  quantity  to  combine  with  all  the  bases  and  prevent 
an  alkaline  reaction.  As  has  been  shown  in  this  laboratory  carbonic 
acid  itself  mav  be  formed  in  sufficient  amounts  to  convert  all  the 
carbonates  to  the  form  of  bicarbonates  and  thus  prevent  an  alkaline 
reaction.  There  is  not  sufficient  evidence  to  justify  a  positive  state- 
ment, but  it  would  seem  probable  that  this  can  not  be  always  the  case 
and  that  in  fact  there  is  alkali  formed  by  the  decay  of  plant  tissues. 
In  humid  regions  the  alkali  thus  formed  is  removed  by  leaching  or 
similar  processes  and  by  chemical  reactions  with  the  other  soil  com- 
ponents, for  which  reactions  water  is  necessary. 

In  the  arid  regions,  such  as  ^re  found  in  the  western  part  of  the 
United  States,  peculiar  phenomena,  due  to  the  special  conditions 
theix?  existing,  have  been  observed.  The  indigenous  plants  which  are 
found  on  the  alkali  lands  are  comparatively  few  in  numbei',  both  as 
to  species  and  as  to  individuals;  others  have  been  artificially  intro- 
duced. They  all  have  the  property  of  absorbing  more  or  less  large 
amounts  of  water-soluble  mineral  salts  and  on  analysis  all  show 
characteristically  large  percentages  of  bases.  When  the  leaves  or 
debris  from  these  plants  have  decomposed  there  is  often  found  greater 
or  less  accumulation  of  carbonates,  although  before  the  plant  was  cul- 
tivated that  particular  region  may  have  been  quite  free  from  soluble 
carbonates.  The  decay  of  any  organic  matter  with  the  accompany- 
ing formation  of  carbonic  acid  in  a  soil  containing  soluble  salts  of  the 
alkali  metals  must  be  expected  to  result  in  the  formation  of  soluble 
carbonates,  partly  by  dissolving  lime  or  magnesium  compounds,  fol- 
lowed by  subsequent  metathetical  reactions  or  double  decompositions 
with  the  alkali  salts;  more  slowly  and  in  lesser  degree,  perhaps,  but 
nevertheless  surely,  if  the  formation  of  carbon  dioxide  is  continued, 
by  a  distribution  of  the  base  between  the  two  acids.  This  last  proc- 
ess, however,  is  probably  of  decidedly  minor  importance  in  the  phe- 
nomena under  consideration. 

Owing  to  the  conditions  of  climate  and  drainage  existing  in  the 
arid  regions  these  carbonates  when  formed  are  not  leached  away,  as 
in  the  humid  regions,  and  gradually  accumulate  to  the  more  serious 
detriment  of  the  soiL 

COMPARISON  OF  ANALYSES. 

For  the  purpose  of  comparison,  two  analyses  of  grease  wood  {Sarcoba- 
tiLS  vermicitlatxis)  ash  are  here  quoted,  the  first  published  by  Hilgard,^ 
and  the  other  by  Goss  and  Griffin.'^ 

» University  of  California,  Report  of  Agr.  Exp.  Sta.,  p.  142  (1890). 
'New  Mexico  College  of  Agr.  and  Mech.  Arts,  Agr.   Exp.  Sta.,  Bui.  22,  p.  41 
(1897). 
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Table  XV. — Tupo  analyses  of  ash  of  greasewood  plant. 


Constituents. 


First    ■  S«c<Hkd 
analysis,  analjrsis. 


Ash  of  air-dried  plants 


Ptrcent.   Prrcent 
I        LS.Q3  13.12 


SiO,. 

N 


»e. 


Ca< 
MgO. 
MnOi 
Pe,0, 

A1-- 


11.81  ! 
16.53 
98.45 
1.96  1 

i.oe 


AUp, 


f 


COa 

a... 


7.06 

8.51 

i.83 

0.46 

15.04 


3.00 

2.06 

S3.fl» 

6.  S3 

L35 

Trace. 

4.12 

4.33 

83.80 

8.01 


Oxygen  =  chlorine . 


108.04  < 
3.25  I 


101.81 
1.81 


99.79 


100.00 


*  By  difference. 

JVhile  these  analyses  differ  considerably  in  details  they  indicate  the 
same  general  conclusions;  that  is,  the  ash  or  decomi)osition  products 
of  the  plant  will  yield  a  very  large  amount  of  alkali  in  the  form  of 
carbonates.  The  figures  in  Hilgard's  analysis,  he  states,  indicate  the 
presence  of  about  26  per  cent  of  sodium  chloride;  about  8  per  cent  of 
Glauber's  salt  (Na2SO4l0H2O),  and  about  39  i)er  cent  sodium  carbon- 
ate. Combining  the  figures  of  Goss  and  Griffin's  analysis  in  the  con- 
ventional way,  we  find  about  13  per  cent  sodium  chloride  and  29  per 
cent  sodium  carbonate.  The  figures  are  misleading,  for  they  depend 
upon  an  arbitrary  calculation  of  the  data  as  salts,  and  the  effect  of  the 
other  constituents  can  not  property  be  ignored.  Similarly,  but  a  quali- 
tative comparison  can  be  made  from  the  data  obtained  by  us.  If  it 
may  be  assumed  that  the  leaves  and  stems  are  of  equal  mass  in  the 
individual  plants  when  air  dried,  our  results  compare  quite  well  with 
the  analyses  just  cited. 

Acknowledgments  are  due  Messrs.  F.  D.  Gardner  and  Atherton  Sei- 
dell for  assistance  in  the  experimental  work  described. 

SUMMARY. 

It  would  seem  as  a  result  of  the  experiments  described  in  this  paper 
that  in  certain  cases  at  least  a  transformation  of  neutral  salts  to  the 
corresponding  carbonates  through  the  agency  of  plant  growth  is  pos- 
sible and  even  probable,  and  that  this  factor  must  be  taken  under  con- 
sideration in  determining  the  value  and  use  of  such  plants.  Some 
tentative  suggestions  are  offered  as  to  the  disposition  of  the  mineral 
salts  in  plant  economy,  which  it  is  hoped  will  lead  to  more  exhaustive 
investigations. 


BSSI8TANCE  TO  BLACK  ALKALI  BT  GEBTADT  PLAHTS. 


By  Frank  K.  Cambron. 


INTRODUCTION. 


While  working  in  the  San  Joaquin  Valley,  California,  during  this 
past  summer  one  of  the  field  parties  of  the  Division  of  Soils  observed 
three  species  of  plants  which  appeared  to  be  characteristic  growths  on 
soils  containing  much  "black  alkali"  or  sodium  carbonate.  Super- 
ficial examination  in  the  field  brought  out  the  fact  that  the  stems  and 
leaves  of  these  three  plants  were  quite  acid,  in  some  cases  very 
markedly  so.  A  possible  connection  was  suggested  between  this  fact 
.  and  the  one  first  noted — ^that  these  plants  were  all  found  on  soils  con- 
taining much  sodium  carbonate.  Specimens  were  collected  and  sent 
in  to  the  laboratory  for  further  examination.  They  were  kindly 
identified  by  Mr.  Keai^ey,  of  the  Division  of  Vegetable  Physiolog}^ 
and  Pathology.  They  consisted  of  three  samples  of  Distichlis  spicata^ 
numbered  I,  II,  and  III;  one  sample  of  Suaeda  intermedia,  which  was 
separated  into  two  portions,  the  first  numbered  IV,  consisting  of  the 
stems  alone,  and  the  second  numbered  V,  being  composed  of  leaves 
alone;  one  sample  of  Atriplex  bracteosay  which  was  also  separated  into 
a  portion  numbered  VI,  consisting' of  stems  alone,  and  a  portion  num- 
bered VII,  consisting  of  leaves  alone. 

Samples  1, 11,  and  III  were  thoroughly  air  dried  by  being  allowed  to 
remain  for  about  two  months  in  the  sacks  in  which  they  were  received 
at  the  laboratory.  It  should  be  stated  that  a  I'ough  determination  of 
the  acidity  they  displayed  was  made  as  soon  as  they  were  received  in 
the  laboratory,  and  the  results  agreed  fairly  well  with  those  obtained 
by  the  more  careful  examination  subsequently  made.    ' 

Samples  IV,  V,  VI,  and  VII  were  found  to  be  very  wet  and  in  seri- 
ous danger  of  fermenting  when  received  at  the  laboratory.  They  were 
therefore  placed  in  a  hot-air  oven*  and  dried  for  several  days  at  from 
105°  to  110°C.  In  each  ease  the  material  was  then  cut  into  small 
pieces  and  kept  in  carefully  covered  beakers,  to  which,  however,  the 
air  had  free  access. 

METHOD   OF  EXAMINATION. 

The  method  of  examination  was  in  all  cases  to  steep  the  sample, 
which  had  been  cut  into  small  pieces  about  a  centimeter  in  length, 
overnight  or  for  about  twenty  hours  in  a  convenient  amount  of  dis- 
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on  account,  of  the  rapid  and  abundant  growth  of  fungi  in  the  solution 
when  evaporation  of  the  solvent  at  ordinary  temperatures  was 
attempted.  The  solutions  of  the  material  failed  to  give  any  reactions 
by  which  it  could  be  identified  as  one  of  the  simpler  and  better-known 
organic  acids.  For  these  reasons  efforts  to  identify  it  were  abandoned 
temporarilj'^  and  further  work  on  it  postix)ned  until  a  time  when  a 
larger  amount  of  the  material  could  be  obtained.  It  is  confidently 
believed  that  the  experience  thus  far  gained  will  insure  a  successful 
issue  to  the  next  attempt  in  this  direction. 

HYDROSCOPIC  SALT  ON   THE  PLANT  SURFACE. 

The  anal3''tical  results  would  indicate  that  calcium  chloride  as  such 
was  on  the  grass,  but  if  present  no  signs  of  it  were  observetl  on  the 
air-dried  material.  The  samples  wei-e  all  thoroughly  drj^  and  not  the 
least  evidence"  of  any  deliquescent  substance  on  the  surface  was 
apparent.  It  should  he  remembered,  however,  that  the  evidence 
obtained  in  the  examination  of  the  organic  acid  indicated  that  the 
calcium  salt  was  much  less  soluble  than  the  sodium  or  potassium  salt. 
In  all  probability  the  greater  part  of  the  calcium  in  combination  in 
the  solid  phase  and  not  in  the  form  of  calcium  sulphate  was  present 
as  the  calcium  salt  of  the  organic  acid;  and  the  greater  part  of  the 
sodium  which  was  assumed  above  to  be  in  combination  with  the 
organic  acid  was  in  reality  in  combination  with  the  chlorine,  which 
the  analysis  as  stated  assumes  to  be  combined  with  calcium. 

On  the  other  hand,  it  has  l>een  noticed  that  this  grass  when  gnaw- 
ing in  the  field  is  frequently  covered  with  a  moist,  sticky  substance, 
which  there  is  I'eason  to  believe  is  caitsed  by  moisture  absorbed  from 
the  air  b}'  the  salts,  but  only  in  sufiicient  quantity  to  partially  dis- 
solve them,  making  a  i>aste  or  gummy  mixture.  So  that  it  is  not  so 
impix)bable  that  calcium  chloride  is  sometimes  formed  and  is  to  he 
found  as  such  on  the  living  plant. 

SELECTIVE  ABSORPTION  OF  SOIL  CONSTITUENTS. 

Another  point  brought  out  veiy  strikingly  by  an  examination  of  the 
analyses  is  the  relatively  large  amount*  of  both  calcium  and  potai^sium 
found  in  the  leachings  from  the  i>lants,  when  the  projwrtion  of  these 
elements  in  the  water-soluble  portion  of  the  soil  is  considei^.  These 
facts  might  possibly  find  an  explanation  in  part  in  the  lesser  solu- 
bility of  the  calcium  and  potassium  salts  of  the  organic  acid  and  the 
accumulation  of  such  salts  formed  b}'  contact  of  dust  from  the  soil 
with  the  acid.  But  such  reasoning  does  not  afford  an  explanation  of 
the  enormously  increased  ratio  lietween  the  chlor  ions  and  the  sulph 
ions  found  in  the  plant  leachings  as  compared  with  the  ratio  of  these 
substances  in  the  soil.  The  relative  absorptive  powers  of  the  plant 
for  these  various  constituents  are  probably  the  controlling  factors. 
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The  analytical  data  obtained  from  an  examination  of  the  Distichlis 
spicnfa — Samples  I,  II,  and  III — are  given  in  Table  XVI.     The  most 
strikinj?  jwint  brought  out  is  the  very  large  amount  of  acid  shown  to 
be  on  Sample  I,  amounting  for  1  gram  of  the  air-dried  material  to 
the  equivalent  of  23  cubic  Centimeters  of  a  twentieth  normal  (N/20) 
acid.     This  substance  was  unquestionably  an  organic  acid  and  a 
fairly  strong  one.     It  did  not  appear  to  act  on  crystals  of  calcite  very 
readily.     This  might  have  been  due,  however,  to  the  formation  of  a 
slightly  soluble  lime  salt,  which  would  protect  the  calcite  from  the 
solvent.     The  acid  very  readily  decomposed  the  alkali  carbonates  and 
neutralized  not  only  ammonium  hydrate  but  potassium  or  sodium 
hydroxide  in  the  presence  of  cochineal  or  phenolphthalein  as  indi- 
cator.    It  will  be  seen  by  referring  to  the  analytical  figures  that  a 
large  amount  of  sodium  is  left  after  balancing  the  acids  by  the  bases 
found.     This  would  seem  to  find  its  readiest  explanation  in  supposing 
that  there  was  a  much  gi'eater  quantity  of  the  organic  acid  on  the 
plant  than  indicated  by  the  equivalent  of  23  cubic  centimeters  of 
twentieth  normal  acid,  but  present  in  the  form  of  the  sodium  or  other 
salt.s.     By  referring  to  the  analysis  (Table  XVII)  of  the  soil  from  which 
this  Sample  I  of  Distichlis  sjncatay^iis  taken,  it  will  be  seen  that  there 
was  relatively  a  very  large  amount  of  soluble  carbonates  present, 
about  2  per  cent  of  the  soil  being  composed  of  these  substances — an 
amount  which  would  absolutely  prohibit  the  growth  of  any  ordinary 
plant,  even  though  much  of  the  salt  was  in  the  form  of  bicarbonate. 
Much  of  this  material  probably  came  in  contact  with  the  grass  leaves, 
in  the  form  of  dust  or  otherwise,  with  the  result  that  the  acid  decom- 
posed the  carbonates  with  the  formation  of  salts  of  the  organic  acid. 
These  same  views  seem  to  hold  for  Samples  II  and  III  as  well,  but  to 
a  lesser  extent,  as  is  shown  by  the  quantitative  measurements  given. 
It  would  appear  from  what  could  be  learned  in  the  field  that  this 
grass,  in  the  locality  from  which  Samples  II  and  III  were  taken,  often 
carries  as  much  of  the  acid  material  as  Sample  I  shows,  or  even  more. 
Unfortunately  for  this  investigation  the  most  favorable  season  for 
securing  samples  had  passed  before  Samples  II  and  III  were  gathered 
and  sent  in.     This  subject  will  receive  more  careful  attention  during 
another  field  season. 

ISOLATION   AND   IDENTIFICATION  OF   ACID   EXUDATION. 

Careful  attempts  were  made  to  isolate  or  at  least  to  identif}^  this 
organic  acid,  but  the  attempts  proved  unavailing  for  several  reasons. 
But  veiy  little  material  was  at  command  when  the  investigation  was 
taken  up.  The  relatively  large  amounts  of  inorganic  salts  obtained 
in  the  water  extracts  could  not  he  well  separated  and  presented  great 
analytical  difficulties  in  the  attemi)ts  to  isolate  so  small  a  quantity  of 
the  acid  as  was  at  our  disposal.  Attempts  to  crystallize  the  material 
from  solution,  either  as  the  acid  itself  or  as  a  salt,  proved  disastrous 
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on  account  of  the  rapid  and  abundant  growth  of  fungi  in  the  solution 
when  evaporation  of  the  solvent  at  ordinary  t«mi)ei"atiires  was 
attempted.  The  solutions  of  the  material  failed  to  give  any  reactions 
b^'^  which  it  could  be  identified  as  one  of  the  simpler  and  better-known 
organic  acids.  For  these  i-easons  efforts  to  identify  it  were  abandoned 
temporarily'  and  further  work  on  it  postponed  until  a  time  when  a 
larger  amount  of  the  material  could  be  obtained.  It  is  confidently 
believed  that  the  experience  thus  far  gained  Avill  insure  a  successful 
issue  to  the  next  attempt  in  this  direction. 

HYDROSCOPIC  SALT  ON  THE  PLANT  SURFACE. 

The  analytical  results  would  indicate  that  calcium  chloride  as  such 
was  on  the  grass,  but  if  present  no  signs  of  it  were  observeil  on  the 
air-dried  material.  The  samples  were  all  thoroughly  dry  and  not  the 
least  evidence"  of  any  deliquescent  substance  on  the  surface  was 
apparent.  It  should  l)e  remembered,  however,  that  the  evidence 
obtained  in  the  examination  of  the  organic  acid  indicated  that  the 
calcium  salt  was  much  less  soluble  than  the  sodium  or  potassium  salt. 
In  all  probability  the  greater  part  of  the  calcium  in  combination  in 
the  solid  phase  and  not  in  the  form  of  calcium  sulphate  was  pivseut 
as  the  calcium  salt  of  the  organic  acid;  and  the  greater  part  of  the 
sodium  which  was  assumed  above  to  be  in  combination  with  the 
organic  acid  was  in  reality  in  combination  with  the  chlorine,  which 
the  analysis  as  stated  assumes  to  be  combined  with  calcium. 

On  the  other  hand,  it  has  been  noticed  that  this  grass  when  grow- 
ing in  the  field  is  frequentl}'^  covered  with  a  moist,  sticky  substance, 
which  thei-e  is  reason  to  believe  is  caused  by  moisture  absorbed  from 
the  air  by  the  salts,  but  only  in  sufiiclent  quantity  to  partially  dis- 
solve them,  making  a  paste  or  gummy  mixture.  So  that  it  is  not  so 
improbable  that  calcium  chloride  is  sometimes  formed  and  Ls  to  lie 
found  as  such  on  the  living  plant. 

SELECTIVE  ABSORPTION  OP  SOIL  CONSTITUKNTS. 

Another  point  bix)ught  out  very  strikingly  by  an  examination  of  the 
analyses  is  the  relatively  large  amounts  of  both  calcium  and  potassium 
found  in  the  leachings  from  the  plants,  when  the  pi'ojwrtion  of  these 
elements  in  the  water-soluble  portion  of  the  soil  is  considei-ed.  These 
facts  might  possibl}'  find  an  explanation  in  part  in  the  lesser  solu- 
bility of  the  calcium  and  potassium  salts  of  the  organic  acid  and  the 
accumulation  of  such  salts  formed  by  contact  of  dust  from  the  soil 
with  the  acid.  But  such  reasoning  does  not  afford  an  explanation  of 
the  enormousl}'  increased  ratio  l>etween  the  chlor  ions  and  the  sulph 
ions  found  in  the  plant  leachings  as  compared  with  the  ratio  of  these 
substances  in  the  soil.  The  relative  absorptive  powers  of  the  plant 
for  these  various  constituents  are  pi-obably  the  controlling  factors. 
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-  It  Avoiild  seem  desirable  to  give  earnest  attention  to  this  subject 
ivith  plants  grown  under  careful  supervision  in  the  field  or  laboratory, 
as  the  evidence  here  presented  indicates  that  the  removal  or  cropping 
of  these  plants  for  any  purpose  would  result  in  taking  from  the  soil 
enormous  quantities  of  desirable  plant  food  and  the  consequent  raising 
of  the  proportion  of  undesirable  elements  in  the  soil. 

FUNCTION  OF  THE  ACID  EXUDATION. 

When  the  large  amounts  of  soluble  carbonates  found  in  the  soils 
upon  which  these  plants  grow  are  considered,  and  when  the  disas- 
trons  corrosive  action  of  this  substance  is  rememl>ered,  the  produc- 
tion of  the  strong  organic  acid  by  the  plant  seems  a  wise  protective 
measure  of  nature.  The  tendency  of  sodium  carbonate  to  outstrip 
other  salts  in  accumulating  in  the  very  top  layers  or  crusts  of  a  soil 
and.  there  corroding  the  root  crowns  of  plants  has  been  frequently 
noted  by  all  investigators  of  alkali  problems.  It  would  seem  that 
this  organic  acid  is  produced  by  the  plant  in  the  manner  most  favor- 
able to  its  being  brought  into  contact  with  the  surface  sodium  car- 
bonate, partly  converting  this  latter  to  the  sodium  salt  of  the  acid 
and  partly,  in  all  probability,  to  sodium  bicarbonate,  which,  there  is 
strong  reason  for  believing,  is  not  itself  so  harmful  to  plant  growth 
as  the  normal  carbonate.* 

PHOSPHORUS  IN  THE  PLANT. 

In  the  attempts  to  identify  the  organic  acid  on  Sample  I,  DisUchlis 
spicaki,  someleachings  were  obtained  which  contained  a  small  amount 
of  organic  matter  mechanicall}^  suspended,  as  well  as  some  in  solution. 
They  were  allowed  to  stand  for  several  days  in  an  Erlenmeyer  flask, 
the  mouth  of  which  was  covei'ed  w^ith  an  inverted  beaker.  A  rapid 
and  voluminous  growth  of  fungi  was  observed.  On  filtering  off  a 
small  portion  of  the  solution  after  it  had  been  standing  a  day  or  two 
a  decided  though  small  amount  of  phosphoric  acid  was  shown  to  be 
present.  No  trace  of  this  substance  was  found  in  freshly  prepared 
leachings  of  the  plant.  It  would  seem  probable  that  it  was  formed 
as  a  result  of  the  action  of  organisms  either  upon  dissolved  organic 


1  The  e8x>eciall7  pemicions  effect  on  plants  of  carbonate  of  sodium  is  in  all  prob- 
ability due  to  the  fact  that  this  salt  readily  hydrolizes  in  water  with  the  formation 
of  considerable  amounts  of  sodium  hydroxide,  and  it  1 .  this  latter  substance  which 
is  in  reality  responsible  for  its  g^eat  destructive  power.  Sodium  bicarbonate  or 
hydrogen  carbonate,  Na-HCO,,  might  be  expected  to  hydrolize  to  some  extent 
also,  being  composed  of  a  strong  base  in  combination  with  a  weak  acid;  this  would 
be  equivalent  to  a  partial  inversion  to  the  normal  carbonate.  But  in  the  presence 
of  so  much  carbon  dioxide  as  is  present  in  soils  this  inversion  to  the  normal  car- 
bonate would  be  greatly  retarded  or  altogether  prevented.  The  normal  dissocia- 
tion of  the  hydrogen  carbonate  would  then  be  very  small  indeed  and  any  chemical 
activity  of  the  compound  depending  on  the  formation  of  ions  would  be  corre- 
spondingly small. 
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matter  in  the  leacbings  or  perhaps  upon  the  organic  matter  mechan- 
ically suspended  in  the  solution.  From  lack  of  material  it  was  not 
possible  to  determine  the  amount  of  phosphorus  in  the  plant,  but  the 
qualitative  observations  cited  would  indicate  that  it  was  present  in 
considerable  amount.  It  should  be  observed  that  it  was  a  constituent 
of  the  readily  water-soluble  portion  of  the  soil  from  which  the  plant 
was  taken  in  very  small  amounts,  if,  indeed,  it  were  present  at  all. 
Attempts  to  detect  it  by  the  phosphomolybdate  method  failed  to  show 
a  trace.  The  remarkable  ability  of  this  plant  to  take  from  the  soil 
solutions  the  mineral  constituents  it  needed,  in  the  presence  of  the 
enormous  excess  of  other  readily  soluble  substances,  is  brought  out 
very  strikinglj'^^  in  this  connection. 

For  the  reasons  here  presented  it  would  seem  that  this  plant  is 
worthy  of  the  serious  consideration  of  the  botanist  and  physiologist, 
and  is  undoubtedl}'^  of  very  great  economic  importance. 

ASH   ANALYSES. 

Ash  analyses  of  all  the  plants  considered  in  this  paper  were  made, 
in  the  hope  that  some  conclusions  might  be  drawn  as  to  the  inorganic 
materials  in  the  plants  themselves,  and  as  to  how  much,  relatively, 
was  capable  of  being  removed  by  leaching.     These  analyses  will  not, 
however,  be  presented,  for  it  is  obvious  that  they  have  no  value  what- 
ever for  the  purposes  here  indicated.     The  mixture  of  salts  on  the 
plants  was  so  large  in  amount,  and  fused  at  so  low  a  temperature,  that 
it  quickly  coated  the  organic  matter,  so  that  it  was  necessary  to  heat 
to  a  very  high  temperature  and  thoroughly  stir  the  mixture  to  obtain 
anything  like  a  thorough  combustion  of  the  organic  material.    This 
resmlted  in  a  yery  great  loss  of  the  salts  by  volatilization,  sodium 
chloride  and  potassium  chloride  being  especially  important  in  this 
connection.     Further,  the  burning  of  either  sulphates  or  chlorides  of 
the  alkalies  with  organic  materials  necessarily  means  the  more  or  less 
complete  volatilization  of  the  sulphur  and  chlorine,  respectively,  and 
the  formation  of  the  corresponding  alkali  carbonates,  a  point  often 
overlooked  in  the  consideration  of  ash  analyses.     As  a  consequence 
of  these  factors,  the  results  obtained  would  certainly  be  misleading. 
It  would  appear,  from  the  analyses  of  the  ashes  of  the  plants  we  are 
considering,  that  much  more  of  these  soluble  mineral  constituents 
can  be   leached    from  the   plants   than  the  plants  ever  contained, 
which  is  an  obvious  absurdity.     For  this  reason  it  does  not  seem  worth 
while  to  give  these  ash  analyses  any  further  consideration. 
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SUAEDA  INTERMEDIA  AND  ATRIPLBX  BRACTEOSA. 
Table  XVIIL— S^woeda  intermedia. 


Grains  of  substance 

Cubic  oentixneters  of  leachlngB 

Percentage  (mineral  matter)  leached  out 

Cnbic  centimeters  N/ao  acid,  eqniyalent  to  1  gram  sub- 
stance -- 


Sample  IV- 
Stema 


7.61 
750 
14.73 

.84 


Sample  V 
Leaves. 


14.85 
750 
28.80 

2.67 


Ca  . 
Mg. 
Na. 

K.. 
SO4 
CI.. 


Per- 
centage 
distribu- 
tion. 


0.48 
.75 

42.38 
7.20 
1.4d 

47.78 


100.00 


1.62 
.00 

2.66 
.36 

13.  n 

64.84 
16.82 


100.00 


Percent- 
age in 


Per- 


ftiT-Hriftd  centage 
sub-      distribu 


stance. 


tion. 


0.071 
.111 

6.239 

1.060 
.211 

7.068 


14.730 


0.15 

.72 

60.18 

4.62 

.87 

37.56 


Percent- 
age in 

air  dried 

sub- 
stance. 


0.096 

.170 

13.375 

1.075 
.206 

8.938 


100.00 


.230 

.51 

.000 

.00 

.392 

2.35 

.057 

.64 

2.015 

8.61 

9.551 

52.33 

2.476 

35.50 

14.730 

100.00 

23.800 


.121 
.000 
.560 
.152 

2.048 
12.456 

8.463 


23.800 


Table  XIX. — Atriplex  bracteosa. 


Grama  of  substance 

Cubic  centimeters  of  leachings 

Percentage  (mineral  matter)  leached  out 

Cnbic  centimeters  N/SO  acid,  equivalent  to  1  gram  sub 
stance 


Ca.... 
Mg.... 

K 

8O4... 

a..... 

CaS04 
Carl,. 
MgCL. 

Naa.. 
Na.... 


Sampl 

eVl- 

Sampl 

e  VII- 

Stems. 

Leaves. 

21.49 

17.79 

750 

750 

4.48 

10.24 

1.19 

3.61 

p^j.        Percent- 

Per- 
centage 
distribu- 
tion. 

Percent- 
agein 

air-dried 

sub- 
stance. 

2.32 

0.104 

0.39           0.040 

2.05 

.092 

3.36 

.344 

37.79 

1.693 

41.30 

4.229 

7.90          .arA 

5.39             .552 

4.10 

.184 

6.60 

.676 

45.84 

2.053 

42.96 

4.399 

100.00 

4.480 

100.00 

10.240 

6.80            .260 

1.33 

.136 

1.74 

.078 

.00 

.000 

8.08 

.360 

7.57 

.775 

.0(3 

.000 

7.08 

.725 

15.03 

.673 

10.27 

1.052 

52.18          3.338 

53.56 

5.485 

17.22            .771 

20.19 

2.067 

100.00 

4.480 

100.00 

10.240 

In  Tables  XVIII  and  XIX  are  found  the  data  obtained  from  an 
examination  of  the  Suaeda  intermedia  and  Atriplex  hracteosa,  respec- 
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MESSAGE 

FROM   THB 

PRESIDENT  OF  THE  UNITED  STATES, 

TRANSMinTNO 

A.  OOMMTTNICATION  FROM  THE  8S0RETAB.T  OF  AOBICUIjTtJSE 
GOVBBIHa  A  BEPOBT  ON  THE  PBOGBESS  OF  THE  BEET-8UOAB 
nroiTSTBT  IK  THE  UNITED  STATES  DXJBINO  THE  TEAB  1901; 
ALSO  THE  EECOMMENDATION  OF  THE  SECEETAB.T  THAT  10,000 
COPIES  BE  FBINTED  FOB  THE  USE  OF  THE  DEPABTMENT. 


Apbil  24,  1902. — Read;  referred  to  the  Committee  on  Printing  and  ordered  to  be 

printed. 


To  the  Senate  and  House  of  Hepresentatives: 

I  transmit  herewith,  for  the  information  of  the  Congress,  a  commu- 
nication from  the  Secretary  of  Agriculture,  covering  a  report  on  the 
Progress  of  the  Beet-Sugar  Industry  in  the  United  States  during  the 
year  1901. 

Your  attention  is  invited  to  the  recommendation  of  the  Secretary  of 
Agriculture  that  10,000  copies  of  the  report  be  printed  for  the  use  of 
the  Department,  in  addition  to  such  number  as  may  be  desired  for  the 
use  of  the  Senate  and  House  of  Representatives. 

Theodore  Roosevelt. 

White  House,  Ajyril  23,  1902. 


LETTER  OF  TRANSMITTAL. 


Department  of  Agricultube, 

Office  of  the  Secretary, 
Washington,  I).  C,  March  m,  1902. 

Mb.  President:  I  have  the  honor  to  transmit,  for  your  information 
and  that  of  the  Congress  of  the  United  States,  a  report  on  the  Progress 
of  the  Beet-Sugar  Industry  for  1901. 

This  report  is  composed  of  two  parts,  the  first  prepared  by  Charles 
F.  Saylor,  special  agent  of  this  Department,  and  the  second  in  the 
Bureau  of  Plant  Industry. 

In  the  first  part  Mr.  Saylor  reports  the  operations  of  the  various 
beet-sugar  factories,  outlines  the  proper  methods  for  use  in  growing 
beets,  and  presents  a  mass  of  pei*tinent  statistical  information. 

In  the  second  part  are  presented  (1)  a  discussion  of  the  insect  enemies 
and  fungous  diseases  attacking  sugar  beets,  and  the  methods  of  com- 
bating the  same;  and  (2)  a  report  on  the  production  of  sugar-beet 
seed,  a  branch  of  the  industry  which  is  now  receiving  some  attention 
in  this  country. 

From  a  careful  study  of  the  report  and  observation  in  the  field,  I  am 
satisfied  that  the  future  of  the  beet-sugar  industry  depends  more  upon 
correct  farming  than  any  other  one  consideration.  The  tonnage 
reported  is  9.6  per  acre,  but  this  can  be  greatly  increased  by  a  proper 
system  of  crop  rotation  (to  keep  the  soil  supplied  with  organic  matter), 
thorough  cultivation,  and  fertilizing  where  necessaiy. 

A  weak  place  in  the  industry  is  the  lack  of  a  proper  disposal  of  the 
by-products  of  the  factories,  the  value  of  which  is  not  suflBciently 
appreciated  by  our  people.  It  has  been  ascertained  in  all  European 
countries  where  the  industry  is  well  established,  that  the  pulp,  after 
the  sugar  is  extracted,  is  valuable  for  feeding  to  all  domestic  animals. 
Our  people  are  learning  this,  and  when  it  is  fully  comprehended  this 
crop  will  be  grown  by  farmers  with  a  view  to  using  this  by-product 
to  take  the  place  of  other  mill  feeds  on  the  farm. 

In  view  of  the  importance  of  the  subject,  I  have  the  honor  to  recom- 
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mend  that  at  least  10,000  copies  of  this  report  be  printed  for  the  nse 
of  this  Department,  in  addition  to  the  number  which  Congress  may  in 
its  wisdom  order  for  the  use  of  the  members  thereof. 
I  have  the  honor  to  remain,  Mr.  President, 
Very  respectfully, 

James  Wilson, 
The  President,  Secretary. 

White  House. 
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U.  8.  Departme\t  op  Agriculture, 

Office  op  the  Special  Agent, 
Washington,  D.  C,  March  17 y  1902. 
Sir:  I  submit  herewith,  for  your  inspection  and  approval,  my  report  for  1901  as 
special  agent  for  the  investigation  oJf  the  sugar  industry.     It  includes  the  results  of 
my  own  observations  and  investigations,  and  a  considerable  mass  of  information  per- 
tinent to  the  subject  collected  from  various  reliable  sources. 

Charles  F.  Baylor, 
Hon.  James  Wilson,  Special  Agent. 

Secretary  of  Agriculture. 


INTRODUCTION. 

In  reporting  the  progress  made  in  the  development  of  the  beet- 
sugar  industry  for  1901,  I  wish  to  call  attention  especially  to  the  con- 
tinued and  rapidly  increasing  interest  in  the  subject  among  all  classes 
of  people.  Everything  considered,  this  public  interest  and  the  rapidity 
with  which  the  industry  itself  is  assuming  substantial  form  is  remark- 
able. It  is  not  confined  to  any  particular  section  of  the  sugar-beet 
area,  but  appears  to  be  about  as  definitely  appreciated  and  understood 
in  one  as  another.  In  some  States  circum.stances  have  led  to  prompter 
action  in  establishing  the  industry;  at  the  same  time  every  available 
part  of  this  area  is  being  carefully  tested  and  studied  preparatory  to 
definite  future  action.  When  agitation  as  to  the  future  of  the  sugar 
market  shall  have  ceased  by  definite  settlement  of  the  questions 
involved,  the  progress  of  the  beet-sugar  industry  in  the  United  States 

will  be  more  stable  and  progressive. 
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To  illustrate  the  development  of  the  industry  the  State  of  Michigan 
may  be  cited.  That  State  will  have  17  factories,  in  operation  during 
the  campaign  of  1902,  a  result  accomplished  in  the  space  of  fourj-ears. 
The  thing  that  made  Michigan  a  peculiarly  favorable  field  for  the 
introduction  of  this  industry  was  the  fact  that  it  could  be  built  up  on 
the  foundations  of  another — the  lumber  industry,  which  is  waning. 
There  are  30  more  projects  under  consideration  and  probably  more 
factories  will  be  built  in  the  near  future. 

When  Utah  began  to  manufacture  sugar  from  beets  it  was  found 
necessary  to  produce  them  by  irrigation,  like  other  agricultural  crops, 
and  here  the  problem  of  raising  beets  by  irrigation  was  worked  out 
Fortunately  the  experiment  was  tried  under  favorable  conditions.  No 
other  country  was  able  to  furnish  us  any  definite  facts  bearing  on  this 
subject.  The  results  of  these  experiments  in  Utah  were  of  vital  inter- 
est to  the  people  of  the  whole  arid  region.  In  many  sections  the  peo- 
ple profited  by  the  results  of  Utah's  experience,  and  the  arid  region, 
through  sugar-beet  culture  and  its  benefits,  assumed  a  greatly  increased 
importance.  It  must  be  regarded  as  an  important  factor  in  the  future, 
not  only  in  the  production  of  sugar,  but  in  general  agriculture. 

LOWERING  THE  CX)ST  OP  SUGAR  PRODUCTnON. 

We  are  gradually  emerging  from  the  experimental  st^e  of  sugar- 
beet  growing.  Some  very  valuable  deductions  can  be  made  from  a 
study  of  this  experimental  period.  American  methods  in  general 
agriculture  are  studied  by  all  other  countries.  They  represent  the 
best.  But  in  the  cultivation  of  sugar  beets  Americans  have  been  the 
students  of  the  methods  in  vogue  in  foreign  countries.  These  meth- 
ods we  have  been  applying.  Meanwhile  we  have  been  studying  the 
results  and  gradually  developing  methods  of  our  own.  Our  experi- 
ence has  carried  us  into  fields  hitherto  undeveloped — for  instance,  the 
growing  of  sugar  beets  by  irrigation.  We  have  also  depended  largely 
on  the  natural  fertility  of  the  soil,  while  Europe  must  resort  to  expen- 
sive fertilization. 

The  United  States  present  so  many  different  kinds  of  agricultural 
conditions  that  a  fund  of  information  based  on  experience  was  neces- 
sary. In  growing  sugar  beets  we  started  with  set  theories  and  fixed 
rules  for  all  cases  regardless  of  varying  conditions,  but  we  have  found 
that  specific  rules  can  not  be  given  general  application.  Methods 
suited  to  conditions  had  to  be  developed  through  experience,  and  the 
same  is  true  of  beet  growing  in  other  countries,  as  will  be  seen  by  a 
study  of  the  development  of  the  industry  in  Germany. 

In  1878  the  German  beets  averaged  9.24  per  cent  sugar  content 
Their  beets  gradually  improved  from  j-ear  to  year  until,  after  twenty 
years,  the  average  sugar  content  of  the  German  beets  in  1898  was 
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13.15  per  cent.  This  was  a  remarkable  improvement,  the  increase  for 
the  period  being  3.91  per  cent.  This  was  doubly  important  from  the 
fact  that,  not  only  did  the  factory  get  42.31  per  cent  more  sugar  at  the 
close  of  the  period,  but  they  secured  beets  from  which  it  cost  a  great 
deal  less  to  extract  the  sugar.  In  twenty  years  Germany  decreased 
her  cost  of  production  of  sugar  over  one-half,  and  it  is  this  future 
prospect  that  gives  the  beet-sugar  industry  in  this  country  a  standing. 
We  must  have  the  experience,  and  we  must  have  the  opportunity  to 
get  it.  We  can  feel  assured  that  when  we  do  get  it  the  cost  of  pro- 
duction will  be  a  great  deal  less  than  it  is  to-day.  This  can  not  be 
brought  about  simply  by  taking  the  experience  of  the  foreigner  and 
applying  it,  but  it  must  be  accomplished  by  studying  proper  systems 
of  cultivation  under  our  own  conditions.  It  is  also  definitely  settled 
that  we  can  not  take  the  methods  used  in  one  section  or  State  and 
apply  them  in  some  other  section  or  State.  Even  in  different  sections 
of  the  arid  region  radically  different  methods  must  be  applied. 

We  should  eventually  manufacture  at  least  sugar  enough  to  supply 
our  own  needs.  In  order  that  it  shall  have  the  sympathy  of  the  pub- 
lic, it  must  be  made  clear  that  some  time  in  the  future  this  industry 
will  stand  on  its  own  merits  and  be  able  to  meet  the  competition  of 
other  sugar-producing  countries. 

The  cost  of  producing  sugar,  as  shown  by  the  last  census  report  on 
this  subject,  was  such  that  the  manufacturers  of  sugar,  taking  the 
average  of  all  the  factories,  made  but  a  small  margin  above  the  cost 
of  production.  If  the  wear  and  tear  of  the  machinery  had  l)een  taken 
into  consideration,  they  would  have  been  making  sugar  at  a  slight 
losa.  There  is,  however,  a  tendency  towards  a  lower  cost  of  produc- 
tion in  this  country  the  same  as  has  occurred  in  all  other  beet-sugar 
producing  countries.  Some  of  our  older  factories  are  now  producing 
sugar  for  three-fourths  of  this  average  cost.  It  is  not  because  they 
have  any  better  natural  advantages,  and  it  is  not  reasonable  to  suppose 
that  this  difference  in  cost  of  production  will  be  permanent.  The  only 
apparent  reason  for  their  lower  cost  of  production  is  experience.  In 
ten  3'ears,  these  older  factories  have  reduced  their  cost  of  production 
from  25  to  33^  per  cent.  In  the  years  to  come  a  very  considerable 
reduction  may  be  looked  for  and  the  other  factories  coming  into  opera- 
tion will  have  reached  a  cost  of  production  at  least  as  favorable  as  that 
of  the  original  factories  now  is. 

COST  AND  PROFITS  OF  BEET  PRODUCTION. 

It  costs  about  $30  per  acre  to  produce  sugar  beets  and  to  market 
the  crop  where  rain  conditions  prevail.  This  is  without  taking  into 
consider£ttion  the  rent  of  the  land,  but  it  includes  the  farmer's  time 
and  everything  else  that  enters  into  the  cost  of  production.     Accord- 
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ing  to  the  table  on  page  36  the  average  yield  of  sugar  beets  for  1901 
was  9.6  tons  per  acre.  Abundant  evidence  exists,  however,  to  show 
that  this  is  exceptionally  low,  and  that  adequate  care  and  suitable 
methods  of  cultivation  promise  a  very  much  higher  average  of  yield. 
In  making  the  following  calculations  I  have  taken  as  a  basis  an  aver- 
age yield  of  12  tons  per  acre.  The  experience  of  all  careful  growers 
will  show  this  estimated  average  to  be  under  rather  than  over  the 
mark.  The  cost  of  production  will  decrease  gradually  because  of 
improvements  in  implements  and  methods.  The  beets  grown  have  a 
gross  value  at  the  factories  of  $4  to  $4.50  per  ton  (in  States  paying  no 
bounty).  This  gives  a  gross  return  per  acre  of  $48  to  $54,  and  a  net 
profit  of  $18  to  $24.  It  must  be  kept  in  mind  that  these  are  averages 
of  gross  and  net  proceeds.  It  is  never  very  encouraging  to  consult 
the  average  of  agricultural  crop  statistics;  indeed,  it  is  often  said  that 
"the  average  crop  does  not  pay."  If  one  should  take  the  figures  of 
the  average  crop  of  corn  in  Iowa,  for  instance,  or  the  average  crop  of 
wheat  in  Minnesota  or  Kansas,  and  compute  the  proceeds  at  the  aver- 
age market  price  and  deduct  therefrom  the  cost  of  production,  the 
results  would  show  a  very  small  remuneration  or  an  actual  loss  quite 
discouraging  to  one  who  has  not  investigated  this  subject. 

Taking  what  seems  to  be  the  most  authentic  figures,  the  cost  of  pro- 
ducing sugar  beets  in  sections  where  they  are  grown  by  irrigation  is 
about  $40  per  acre.  An  average  of  13  tons  per  acre  can  be  produced 
having  a  higher  sugar  content  and  worth  $4.50  to  $5  per  ton,  making 
the  gross  proceeds  $58.50  to  $65  and  the  net  profit  $18.50  to  $25  per 
acre.  These  figures  give  to  the  farmer  in  each  ease  a  profit  greatly 
more  satisfactory  than  in  the  case  of  other  crops.  But  the  suocessfol 
farmer  will  never  be  satisfied  with  the  average  proceeds  of  any  crop, 
and  it  is  to  him  we  must  look  for  the  results  that  give  the  more 
encouraging  inducements  to  beet  culture.  Many  growers  receive  as 
high  as  $75,  and  some  as  high  as  $100,  per  acre  for  their  beets,  these 
high  results  depending  upon  the  superior  quality  of  the  land  and  the 
superior  skill  of  the  one  producing  the  beets.  If  a  farmer  has  poor 
land  or  is  a  poor  farmer,  he  is  not  in  a  position  to  expect  much  in 
planting  any  kind  of  crop.  These  statements  are  sufficient  to  give  a 
farmer  who  is  experienced  in  all  other  kinds  of  crops  a  fair  insight 
into  the  situation. 

THE  SUGAR-BEET  BELT. 

Experience  throughout  the  United  States  has  demonstrated  that 
sugar  beets  do  best  in  localities  having  certain  climatic  conditioas. 
Up  to  date  a  large  strip  of  land  reaching  across  the  northern  portion 
of  our  country  has  given  the  most  satisfactory  results  in  growing 
sugar  beets.  It  starts  at  the  Hudson,  takes  in  the  southern  half  of 
New  York,  the  northern  portions  of  Pennsylvania,  Ohio,  Indiana, 
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lUinois,  Iowa,  and  Nebraska,  the  southern  half  of  Michigan,  Wiscon- 
sin, and  Minnesota,  all  of  South  Dakota,  large  sections  of  Colorado, 
Utah,  Wyoming,  Montana,  Idaho,  Washington,  Oregon,  and  the  coast 
side  of  California. 

The  mapping  out  of  this  belt  is  based  on  temperature  conditions 
only.  Throughout  large  areas  included  in  the  belt  other  conditions 
make  the  growing  of  sugar  beets  either  impossible  or  unprofitable. 
But  there  are  many  districts  where  this  industry  succeeds.  The  actual 
location  of  such  can  only  be  determined  by  experiment.  It  would  be 
impossible  to  locate  them  on  a  map  at  present,  as  many  of  them  are 
as  yet  undetermined.  By  consulting  the  published  experimental 
results  in  bulletins  of  the  State  experiment  stations  and  the  reports 
that  have  been  issued  by  the  Department  of  Agriculture,  much  accu- 
rate information  can  be  obtained  with  reference  to  many  of  these 
lands.  There  are  valleys  in  the  arid  regions  of  the  Rocky  Mountains 
having  the  right  conditions,  with  sufficient  water  supply  for  iiTigation, 
that  have  reached  results  never  before  equaled  with  sugar  beets,  even 
in  countries  that  have  been  working  with  the  industry  for  a  half 
century. 

The  State  agricultural  experiment  stations  have  done  much  pioneer 
work  in  determining  whether  the  prevalent  conditions  in  their  respec- 
tive States  are  favorable  or  unfavorable  to  the  beet-sugar  industry. 
The  Department  of  Agriculture  has  given  considerable  attention  to 
this  problem.  It  has  cooperated  with  the  State  experiment  stations 
so  far  as  feasible;  has  pursued  independent  investigations  wherever 
practicable,  and  has  published  the  results  in  reports  and  bulletins. 
Results  are  given  by  counties  and  States,  and  show  averages  of  quality 
and  purity  of  sugar  beets  grown.  These  results  have  been  placed  in 
comparison  with  the  results  arrived  at  by  the  experiment  stations. 
This  work  has  been  repeated  year  after  year,  so  that  the  public  might 
discern  the  extreme  either  of  favorable  or  unfavorable  years,  and 
estimate  the  effects  of  normal  conditions  in  normal  years. 

INCIDENTAL  BENEFITS  AND   BY-PRODUCTS. 

In  this  modern  and  scientific  age  nothing  should  be  allowed  to  go  to 
waste,  and  the  question  of  by-products  is  an  important  feature  of 
every  industry.  It  is  a  question  of  special  importance  in  view  of  the 
high  cost  of  production  incidental  to  the  superior  standard  of  living 
prevalent  in  this  country .  Besides  the  important  matter  of  by-products, 
due  consideration  must  also  be  given  to  the  incidental  benefits  resulting 
from  the  growth  of  sugar  beets. 

IMPROVEMENT  OF  LAND  AND  FARMING. 

The  high  cultivation  that  must  be  given  the  land  through  deep  plow- 
ing, thorough  harrowing,  and  constant  weeding  and  cultivating  finally 
makes  the  land  of  superior  quality  for  any  purpose.     It  will  grow 
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better  com  or  wheat,  and  at  a  less  expense,  on  account  of  the  absence 
of  weeds  and  grass.  Finally,  through  rotation,  other  fields  are  brought 
under  this  high  state  of  cultivation,  until  the  whole  farm  is  at  its  best 
condition  of  soil  fertility  and  productiveness. 

In  the  study  of  beet  farming  in  Germany  and  France  it  is  interesting 
to  note  the  progress  that  has  been  made  in  general  agriculture  through 
sugar-beet  growing.  A  great  many  intelligent  Americans  have  gone 
to  Germany  and  France  to  inform  themselves  on  this  subject.  There 
a  farm  is  blocked  off  into  a  series  of  divisions,  corresponding  to  the 
crops  that  are  grown  in  rotation.  This  rotation  is  settled  for  several 
years  in  advance  and  is  followed  very  strictly.  Sugar  beets  are  grown 
on  certain  fields  one  year,  followed  by  other  crops  in  the  series,  to  be 
followed  again  by  sugar  beets  in  their  proper  place  in  the  rotation. 

By  their  system  of  fertilization  the  fertility  of  their  soils  has  not 
only  been  maintained,  but  they  have  been  made  to  incre&se  in  produc- 
tiveness. These  results  are  brought  about  partially  by  cultivation. 
The  deep  plowing  and  constant  cultivation  with  the  plow  and  hoe 
naturally  keep  the  soil  in  the  finest  condition.  What  is  true  of  these 
older  countries  will  be  true  of  our  country  in  the  end.  Improvement 
of  the  land  is  a  factor  that  we  must  not  lose  sight  of  in  considering  the 
benefits  of  the  beet-sugar  industry  of  this  country. 

The  difficulties  of  growing  sugar  beets  are  so  many,  and  to  the  fac- 
tories the  success  of  the  growers  means  so  much,  that  it  is  the  custom 
of  each  fac*tory  to  have  a  farm  superintendent.     In  Europe  more  stress 
is  put  upon  the  work  of  this  officer  than  almost  any  other  one  con- 
nected with  the  sugar  company.    He  is  not  only  required  to  be  trained 
by  long  practical  experience  in  agriculture,  but  he  must  be  a  thorough 
scientist.     He  is  paid  a  salary  commensurate  with  his  importance.    A 
farm  superintendent  is  employed  also  in  American  factories.   We  have 
not  as  yet  gone  so  far  in  the  requirement  of  scientific  trainings  but  the 
tendency  is  growing  strongly  in  this  direction.     When  contracts  are 
made  with  the  farmers,  a  clause  is  insei'ted  requiring  beets  to  be  grown 
as  the  farm  superintendent  directs.      Either  he  or  his  assistant  visits 
the  farms  repeatedly,  offering  the  -farmers  instructions  on  how  to  pre- 
pare the  ground,  how  to  cultivate,  and  how  to  do  all  other  necessary 
work  in  growing  beets  successfully.     He  gives  advice  to  the  farmers 
in  regard  to  meeting  contingencies;  decides  when  the  beets  are  ripe, 
and  issues  the  orders  directing  the  farmers  to  deliver  their  beets  to  the 
factory.     His  work  is  a  very  vital  part  of  the  business.     He  is  a  con- 
stant stinmlator  to  agricultural  impix)vement  on  the  part  of  the  farm- 
ers  in  the  neighborhood,  and   especially  to  the  farmers   under  his 
direction.     The  benefits  of  this  official's  instruction  and  influence  to  a 
farming  community  can  hardly  be  measured  in  dollars  and  cents.    His 
influence  is  not  limited  to  the  present  but  extends  to  the  future.    He 
is  one  of  the  important  factors  in  settling  what  will  be  the  final  status 
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of  the  industry.  It  is  a  very  f ortanate  incident  that  the  work  of  a 
sasrar  factory  should  briner  a  farmin&f  community  under  the  influence 
of  such  trained  supervision.  It  brings  a  community  growing  sugar 
beets  under  a  systematic  rotation  of  crops  properly  arranged.  It  gives 
an  intelligent  knowledge  of  the  application  of  fertilizers,  and  applies 
the  proper  scientific  methods  of  cultivation. 

BEET  PULP. 

In  all  my  reports  I  have  aimed  to  emphasize  the  value  of  this  by- 
product. I  regard  it  as  a  feature  not  to  be  overshadowed  even  by  the 
main  product,  sugar.  After  the  sugar  has  been  extracted  from  the 
cx>ssette«  or  slices,  and  after  the  water  has  been  pressed  out  and  the  pulp 
deposited  in  the  silo,  it  represents  about  45  to  50  per  cent  in  weight 
of  the  beets  that  originally  produced  it.  In  the  beet-sugar  producing 
countries  of  Europe  this  pulp  is  thoroughly  appreciated  and  under- 
stood. Some  of  it  is  sold  to  the  farmers  and  the  dairymen  fresh  from 
the  press.  The  rest  of  it  is  dried  and  pressed  and  sells  on  the  market 
at  about  $2  per  hundredweight,  very  much  as  does  our  oil  cake,  being 
purchased  for  feeding  to  all  kinds  of  stock. 

Pulp  as  a  by-product  is  of  especial  value  in  our  own  country  with 
its  stock  and  dairy  interests.  Its  value  is  not  to  be  measured  alone  by 
the  actual  money  received  for  it,  but  also  by  the  opportunity  and 
encouragement  it  offers  to  dairying,  stock  breeding,  and  stock  feed- 
ing. The  people  of  this  country  have  been  slow  to  appreciate  the 
usefulness  of  pulp.  The  older  factories  whose  operations  date  back  a 
decade  have  not  yet  been  able  to  dispose  of  their  pulp  at  its  real  value. 
At  first  new  factories  usually  have  to  pay  for  the  removal  of  the  pulp 
in  order  to  get  it  out  of  the  way.  Farmers  gradually  begin  to  use  it, 
and  stockmen  and  dairvmen  test  it.  After  a  time  factories  are  able 
to  dispose  of  the  pulp  at  some  figure;  but  eventually  they  will  be  able 
to  dispose  of  it,  as  is  done  in  Europe,  for  what  it  is  actually  worth. 

The  State  of  New  York  has  large  dairy  interests.  The  farmers  of 
this  section  are  accustomed  to  feeding  by-products  from  the  distiller- 
ies, breweries,  and  starch  works.  When  the  sugar  factories  were 
established  in  that  State  pulp  feeding  came  as  a  matter  of  course,  and 
those  factories  were  able  to  dispose  of  their  pulp  in  the  beginning  at  a 
higher  figure  than  were  the  older  factories  that  had  been  manufactur- 
ing sugar  from  ten  to  twelve  years.  Finally  all  of  this  pulp  will  be 
sought  and  paid  for  at  its  true  value  the  same  as  other  feeds.  When 
that  time  comes  the  sugar  interests  will  be  greatly  benefited. 

I  made  my  original  investigation  of  pulp  feeding  at  one  of  the  older 
factories — the  one  at  Grand  Island.,  Nebr.  This  factory  was  unable 
to  interest  the  farmers  in  the  use  of  pulp  for  feeding  purposes.  A 
cattle  company  had  investigated  the  benefits  of  feeding  pulp,  and  had 
built  at  the  factory  stock  pens  and  yards  under  the  management  of  Mr. 
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John  I.  Riemers,  of  that  city.  The  balk  of  the  pulp  was  unused^  being 
hauled  out  with  a  road  scraper  and  dumped  on  the  prairie.  When  I 
was  there  an  accumulation  including  the  pulp  of  four  years  was  lying 
on  the  prairie.  Mr.  Riemers'  feeder  was  using  the  four-year-old  pulp 
in  preference  to  any  of  the  rest. 

During  the  sugar  campaign  of  1901, 1  was  at  Norfolk,  Nebr.,  where 
is  located  one  of  the  factories  owned  by  the  American  Beet  Sugar 
Company,  which  also  owns  the  Grand  Island  enterprise.  The  factory 
at  Grand  Island  did  not  operate  last  year,  but  all  beets  were  shipped 
to  Norfolk.  This  company  has  an  arrangement  with  the  farmers  b 
Nebraska  by  which  the  beet  growers  can  secure  all  their  pulp  for 
nothing,  provided  they  want  to  feed  it  or  use  it  themselves,  but  they 
can  not  dispose  of  it  to  some  one  else.  The  company  offers  the  pulp 
as  a  sort  of  premium  to  beet  growers.  I  was  surprised  and  gratified 
to  learn  that  some  of  the  farmers  from  Grand  Island  were  claiming 
their  pulp  at  Norfolk  and  having  it  shipped  back  by  carloads  at  a  cost 
of  at  least  25  per  cent  of  the  original  price  they  got  for  their  beets. 

BEET  LEAVES. 

When  the  beets  are  harvested  the  crowns  with  the  adhering  leaves 
are  cleaved  from  the  beets  with  a  sharp  knife  and  allowed  to  fall  on 
the  ground.  It  is  the  aim  of  the  person  doing  this  work  to  cleave  the 
crowns  at  the  line  made  by  the  sun,  indicating  where  the  beets  have 
projected  above  the  ground.  Sometimes  a  beet  projects  but  little  and 
sometimes  a  great  deal.  The  amount  of  the  crown  cut  off  depends 
upon  this.  1  believe  it  is  the  best  practice  among  the  beet  growers  to 
allow  these  tops  and  crowns  to  remain  on  the  ground  and  be  plowed 
under  for  fertilizer.  In  many  instances,  however,  they  are  gathered 
up,  stored,  and  fed.  In  others,  stock  is  turned  into  the  field  and 
allowed  to  feed  upon  them  as  they  lie  on  the  ground.  Occasionally 
they  are  loaded  on  wagons  and  hauled  to  the  villages,  towns,  and 
cities,  and  sold  for  forage  the  same  as  hay  or  other  feed. 

There  can  be  no  doubt  about  the  value  of  beet  tops  and  beet  leaves 
as  feed  for  stock,  nor  can  there  be  any  doubt  as  to  the  importance  of 
keeping  up  the  fertility  of  the  soil  by  allowing  them  to  remain  on  the 
ground.  If  they  are  taken  off,  then  fertilizer  of  some  other  kind  must 
be  used  instead.    It  is  simply  a  question  which  is  the  best  way  to  do  it 

SIRUP  MANUFACTURE, 

With  the  production  of  sugar  from  beets  in  the  United  States  has 
come  also  the  manufacture  of  sirup  for  table  use,  for  fruit  preserving, 
and  for  other  purposes.  This  production  is  the  result  of  an  investiga- 
tion of  this  subject  by  parties  living  in  this  country. 

One  factory  is  using  this  sirup  in  the  manufacturing  of  apple  butter, 
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blackberry,  raspberry,  strawberry,  and  currant  jams,  and  in  the  prep- 
aration of  mincemeat  and  other  articles  in  which  sirup  and  sugar  may 
be  used. 

MOLAflSEB. 

The  factories  of  this  country  are  able  to  make  from  sugar  beets  an 
amount  of  white  granulated  sugar  equal  to  from  9  to  12  per  cent  of 
the  weight  of  the  beets,  the  amount  depending  on  the  sugar  content 
and  purity  of  the  beets  and  the  eflPeotiveness  of  the  process.  The 
beets  themselves  may  have  contained  originally  from  12  to  18  per  cent 
of  their  weight  in  sugar.  Excepting  a  small  percentage  which  goes 
off  with  the  pulp,  the  balance  remains  in  the  molasses.  No  proc- 
ess has  ever  been  devised  to  extract  all  this  sugar,  nor  have  any  sat- 
isfactory results  ever  been  secured  in  dealing  with  the  molasses 
by-product  itself.  It  is  one  of  the  things  that  has  always  given  the 
manufacturer  of  beet  sugar  trouble.  It  has  an  acrid  taste.  It  has  been 
impossible  to  use  beet  sugar  in  the  raw  or  unrefined  state  on  acx^ount 
of  the  salts  of  different  kinds  extracted  from  the  beets  along  with  the 
sugar.  It  is  necessary  to  eliminate  these  salts  by  a  process  of  refining 
before  the  sugar  can  be  used.  These  salts  appear  in  the  molasses  in  a 
condensed  form,  rendering  this  by-product  absolutely  useless  except 
as  worked  up  into  shoe  blacking,  vinegar,  alcohol,  etc.  Scientists 
have  been  endeavoring  since  the  beginning  of  the  beet-sugar  industry 
to  find  some  way  in  which  these  salte  may  be  eliminated,  and  the  sugar 
contained  in  the  molasses  secured,  or  the  molasses  converted  into  pure 
palatable  sirup.  The  presence  of  the  salts  has  always  thwarted  their 
efforts  to  extract  this  sugar. 

This  molasses  can  be  used  in  the  manufacture  of  alcohol,  but  the 
revenue  taxes  are  so  heavy  that  this  has  not  been  undertaken.  Good 
vinegar  can  be  made  from  molasses,  but  this  is  a  separate  business 
from  sugar  making  and  requires  separate  organization;  it  has  not 
been  undertaken  on  any  extensive  scale  as  yet.  There  are  a  great 
many  uses  to  which  this  molasses  could  be  put,  providing  a  business 
was  established  to  work  upon  it  as  raw  material.  The  principal  tlse 
that  is  now  made  of  it  is  to  mix  it  with  leaves  or  pulp  for  feeding  pur- 
poses.    It  is  also  used  to  some  extent  as  a  fertilizer. 

BENEFITS  TO  OTHER  INDUSTRIES. 

The  establishment  of  a  sugar  factory  not  only  opens  up  a  large  field 
for  the  employment  of  labor,  but  it  opens  up  a  field  for  the  employ- 
ment of  capital.  It  becomes  at  once  a  market  for  considerable  crude 
material  to  be  used  in  conducting  the  business.  First  and  most  im- 
portant, it  furnishes  a  market  for  the  beets.  Then  the  factory  is  a 
large  consumer  of  coal,  and,  as  the  factories  are  often  established  in 
communities  having  local  coal  fields,  they  become  at  once  local  mar- 
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kets  for  a  local  product.  The  amount  of  coal  necessary  to  work  up  a 
certain  amount  of  beets  is  generally  computed  at  about  17  per  cent  by 
weight,  or  in  case  of  an  ordinary  factory  of  350  tons  capacity,  about 
60  tons  of  coal  per  day,  or  6,000  tons  for  a  full  campaign  of  one  hun- 
dred days.  A  factory  also  consumes  a  large  amount  of  lime  rock. 
Of  necessity  this  must  also  be  a  local  product.  A  factory  usually 
consumes  lime  rock  to  the  extent  of  about  10  per  cent  of  the  crude 
weight  of  beets  worked,  which,  in  the  case  of  a  350-ton  factory  would 
be  35  tons  of  lime  rock  per  day,  or  3,500  tons  for  the  campaign.  It 
consumes  about  one-fifth  as  much  coke  as  lime,  or  a  little  less  than  700 
tons  during  a  campaign. 

The  establishment  of  a  factory  in  a  community  necessitates  consid- 
erable transportation  of  crude  products,  beets,  coal,  and  lime  rock,  to 
the  factory,  and  of  the  finished  product  to  the  market.  It  stimulates 
banking  and  almost  all  kinds  of  mercantile  business  throughout  the 
community. 

AGRICULTUKAL   PROBLEMS. 

There  are  two  sides  to  the  proposition  of  CvStablishing  a  sugar  factory 
in  any  particular  community:  First,  that  of  the  farmer  involving  agri- 
cultural conditions;  and,  second,  that  of  the  manufacturer,  or  those 
financially  interested  in  the  enterprise. 

The  leading  difficulties  of  the  farmer  may  first  be  noticed:  To  begin 
with,  he  is  unacquainted  with  the  methods  of  cultivating  the  sugar-beet 
plant,  and  his  first  experience  usually  proves  unsatisfactory.     He  is 
accustomed  to  certain  methods  in  farming.     As  a  rule  he  is  conserva- 
tive, and  thinks,  from  his  long  experience  in  farming,  that  he  knows 
how.     He  undertakes  to  apply  the  methods  used  in  the  cultivation  and 
production  of  other  crops.     He  is  not  inclined  to  listen  to  those  who 
are  posted  in  methods  applicable  to  the  new  crop.     EventuaUyhe  finds 
out  his  mistake.     He  finds  that  in  growing  sugar  beets  he  must  apply 
principles,  in  many  cases,  the  reverse  of  those  necessary  to  other  crops. 
For  instance,  he  has  been  accustomed  to  growing  large  ears  of  com, 
large  hogs,  and  large  steers;  but  in  the  case  of  sugar  beets  he  finds 
that  the  first  question  is  not  one  of  size,  but  of  quality.     He  must 
grow  beets  of  a  certain  size,  purity,  and  sugar  content.     In  order  to 
accomplish  this  he  must  give  careful  attention  to  the  work  of  prepar- 
ing the  land,  planting  the  seed,  bunching,  thinning,  and  cultivating. 
He  finds  that  attention  to  details  counts  in  results  at  the  harvest  and 
the  profits  of  this  crop.     He  learns  that  the  whole  process  is  a  very 
laborious  and  expensive  one,  entirely  unlike  anything  he  has  attempted 
before.     To  be  successful,  he  must  apply  the  methods  of  the  gardener 
to  a  field  crop;  he  must  have  a  rich  soil  and  the  proper  rain  condi- 
tions at  the  proper  time.     These  facts  can  only  be  learned  through 
experience. 
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FARM   LABOR. 


The  labor  problem  is  important  in  the  cultivation  of  su^r  beets. 
At  certain  stages  of  their  growth  sugar  beets  require  a  considerable 
amount  of  labor.  This  labor  is  very  tiresome.  As  a  rule  the  farmer, 
if  he  grows  beets  to  any  extent,  does  not  have  on  his  farm  sufficient 
labor  to  take  care  of  the  work  of  thinning,  bunching,  hoeing,  and 
harvesting  the  sugar  beets;  nor  does  an^^^  farming  community  possess 
to  any  considerable  extent  the  labor  necessary  to  grow  the  beets  that 
a  factory  will  require  in  a  campaign.  It  will  cost  about  $30  an  acre 
in  sections  where  sugar  beets  are  grown  under  rain  conditions,  and 
about  $iO  to  $45  an  acre  in  sections  where  beets  are  grown  by  irriga- 
tion, to  cover  the  cost  of  seed,  preparation  of  seed  bed,  bunching 
and  thinning,  hoeing,  cultivating,  harvesting,  and  delivering  to  the 
factory.  These  estimates  apply  to  growing  sugar  beets  when  it  is 
done  right.  In  the  farming  communities  of  foreign  countries,  as  a 
rule,  a  large  amount  of  suitable  labor  can  be  secured  in  the  neighbor- 
hood, because  these  neighborhoods  are  more  thickly  settled,  the  whole 
population  is  willing  to  do  the  laborious,  tedious  work  required,  and 
whole  families  work  at  it,  including  the  father,  mother,  and  children. 
In  this  country,  as  a  rule,  the  farmer,  his  older  sons,  and  hired  hands 
must  attend  to  the  outdoor  work.  It  has  been  found  necessary  for 
the  sugar-beet  growers  to  resort  to  the  cities  and  towns  for  the  extra 
labor  required.  Most  of  this  work  comes  about  the  time  the  public 
schools  are  closed,  and  boys  from  12  years  up  are  used  for  bunching 
and  thinning  the  beets,  for  hoeing  them  during  the  season,  and  to 
aid  in  the  harvesting,  by  piling  the  beets,  cleaving  the  tops,  and  load- 
ing the  beets  into  wagons.  In  the  cities  also  live  many  foreigners 
from  Holland,  Germany,  Russia,  Sweden,  and  other  countries,  who 
are  thoroughly  familiar  with  this  kind  of  work.  These  people  are 
willing  to  move  out  into  the  fields  and  live  in  tents  and  make  contracts 
at  so  much  per  acre  for  bunching,  thinning,  hoeing,  weeding,  and 
harvesting.  Since  the  starting  of  the  beet-sugar  industry  in  this 
country  many  other  foreigners  are  coming  here,  knowing  that  they 
can  secure  employment  of  this  kind.  While  the  labor  question  is  a 
serious  one^  it  is  one  capable  of  solution. 


SEED   PRODUCTION. 


At  present  most  of  the  seed  used  in  this  country  for  growing  sugar 
beets  is  imported  from  Europe.  -  It  is  quite  an  item  in  the  expense  of 
production.  The  rule  is  to  plant  20  pounds  per  acre,  the  factory  fur- 
nishing the  seed.  It  costs  the  farmer  15  cents  per  pound,  or  $3  per 
acre.  It  would  seem  that  this  country  should  not  only  produce  its 
sugar  but  the  seed  for  growing  the  beets. 

Seed  growing  is  a  very  intricate  business,  and  to  be  successfully 
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done  it  requires  considerable  capital  and  a  great  deal  of  care  and  skill. 
For  this  reason  beet-seed  production  in  this  country  is  in  its  infancj, 
and  only  a  very  small  proportion  of  the  seed  used  is  produced  here. 

Some  of  the  factories  are  starting  seed  production  in  connection  with 
sugar  production.  The  factory  at  Lehi,  Utah,  has  probably  accom- 
plished the  most  in  this  direction,  but  something  has  been  done  at 
Watson  ville,  Cal.,  and  Rocky  ford,  Colo.  I  believe  some  of  the  facto- 
ries in  Michigan  are  also  starting  up  this  work. 

METHODS. 

Every  year  the  scientific  agricultural  supenntendents  for  each  fac- 
tory settle  certain  problems  that  will  have  much  to  do  with  lowering 
the  cost  of  beet-sugar  production  in  the  future  for  that  particular 
locality.  In  this  connection  may  be  mentioned  some  interesting  obser- 
vations I  have  made  during  the  past  year.  It  is  a  well-settled  conclu- 
sion of  the  beet  growers  at  Leavitt  (formerly  Ames),  Nebr.,  that  land 
on  which  corn  has  been  grown  the  pi'evious  year  is  the  best  for  a  beet 
field.  They  consider,  that  the  cultivation  given  the  com  during  its 
growth  has  much  to  do  with  the  growing  of  sugar  beets  the  following 
year.  In  order  to  plant  the  beets  on  com  ground,  all  stalks  and  roots 
must  first  be  removed.  This  work  is  quite  expensive.  The  factoiy 
at  Leavitt  has  been  in  operation  for  three  years  and  it  has  taken  that 
time  to  work  out  this  simple  problem .  The  original  plan  was  to  plow  the 
ground  shallow  at  first,  then  go  over  it  with  a  steel-spring  hay  rake 
and  collect  the  stubs  and  stalks  and  burn  them.  What  the  rake  did 
not  secure,  laborers  had  to  gather  by  hand.  It  has  been  estimated  that 
it  cost  about  $3  per  acre  to  accomplish  this  work.  On  the  farms 
growing  beets  for  this  particular  company,  the  Standard  Cattle  Com 
pany  raises  its  corn,  hay,  and  other  foi'age  for  feeding  purposes. 
Most  of  the  corn  is  cut  up  for  fodder.  After  three  years'  experience 
it  has  been  found  that  they  can  go  over  the  corn  ground  with  a  disk 
plow  in  the  spring  when  the  frost  begins  to  go  out  of  the  ground,  and 
so  thoroughly  tear  up  the  roots  of  the  stubs  that  they  can  readily  be 
turned  under  out  of  the  way  by  deep  plowing,  and  that  this  can  be 
done  at  75  cents  per  acre,  reducing  the  cost  of  this  work  75  per  cent 
'  I  was  interested  in  investigating  some  of  the  methods  used  at  Rocky- 
ford,  Colo.  At  this  place  it  was  found  that  the  beet  crop  does 
best  when  it  follows  alfalfa.  In  Nebraska,  and  most  places  where 
alfalfa  grows,  it  is  only  necessary  to  plow  the  crop  under.  Thus 
the  land  gets  the  benefit  of  the  green  crop  as  fertilizer.  But  the 
farm  superintendent  at  Rockyford  insisted  that  this  could  not  be 
done  there  because,  if  the  alfalfa  were  plowed  under,  every  joint  and 
root  would  grow,  and  the  beet  field  would  look  more  like  an  alfalA 
field  than  anything  else.  It  is  necessary  there,  before  these  alfalh 
lands  can  be  used  for  planting  beets,  to  actually  remove  from  the  ground 
both  the  tops  and  roots  of  the  alfalfa  plants. 
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These  illustrations  serve  to  show  some  of  the  problems  that  have  to 
be  ^w^orked  out  on  the  farms  before  the  best  results  can  be  reached. 

IBBTQATION. 

ISd^easures    are  now  being  considered  before   Congress   to   more 
completely  develop  the  irrigation  resources  of  the  nation.    The  sup- 
ply of  irrigation  water  is  now  secured  almost  entirely  by  tapping  the 
running  streams  during  the  growing  season.     In  the  case  of  heavy 
rainfall,  or  when  the  snow  melts  in  the  mountains,  much  more  water 
could  be  secured  if  stored  and  let  down  gradually  through  irrigating 
ditches  when  the  crop  needs  it.     At  present  much  of  this  water  runs 
to  waste.     The  present  consideration  by  Congress  is  to  devise  a  plan 
by  which  permanent  storage  reservoirs  may  be  constructed,  into  which 
may    be  conducted    the    drainage   from   certain    watersheds.     This 
requires  a  careful  and  complete  system  of  engineering.     If  it  is  accom- 
plished it  will  very  much  extend  the  area  of  land  that  can  be  utilized 
for  growing  crops,  especially  for  sugar  beets,  which  have  shown  a 
remarkable    adaptability  for  growth   under  irrigation.     When   the 
application  of  irrigation  shall  be  permanently  understood,  the  irri- 
gated districts  will  certainly  be  the  ideal  sugar-producing  sections. 
Much  has  yet  to  be  learned  on  this  subject,  but  there  is  an  oppor- 
tunity for  gradually  decreasing  the  cost  of  production. 

CONTROL  OF  INSBCT  PEBTB  AND   FUNGOUS  DISEASES. 

Sugar-beet  crops  have  already  felt  the  eflfects  of  insect  pests  and 
diseases  peculiar  to  the  plant.  Up  to  date  we  have  been  practically  at 
the  mercy  of  these  enemies  when  their  attacks  occur.  The  Depart- 
ment of  Agriculture  and  scientists  of  the  various  experimental  stations 
throughout  the  country  have  been  giving  these  subjects  careful  atten- 
tion, studying  like  occurrences  in  Europe  and  the  remedies,  preventives, 
and  methods  used  to  meet  these  enemies:  and  eventuallv  their  efforts 
will  no  doubt  be  successful  to  a  great  extent. 

PROBIiEMS  FOR  THE   MANUFACTURER. 

The  manufacturer  or  the  capitalist  who  builds  a  factory  finds  that  he 
has  even  more  problems  to  work  out  than  the  farmer,  and,  like  the 
farmer,  he  usually  discovers  that  he  is  entering  a  field  that  is  entirely 
new  to  him. 

NECESSARY  INVESTIGATIONS. 

Before  establishing  his  plant  the  prospective  manufacturer  must 
thoroughly  investigate  certain  conditions:  (1)  The  water  supply.  He 
must  have  an  abundant  supply  of  pure  water  for  the  use  of  the  factory. 
(2)  The  fuel  supply.  The  factory  must  be  located  in  a  section  where 
cheap  fuel  can  be  secured.     The  fuel  used  is  usually  coal,  but  on  the 
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Pacific  coast  petroleum  is  used  to  a  large  extent,  and  in  some  of  the 
mountain  StatCH  it  is  found  that  wood  is  the  cheapest  fuel.  (3)  The 
market  for  the  products.  (4)  The  matter  of  transportation.  This 
should  be  thoroughly  canvassed  and  settled  prior  to  establishing  the 
factory.  The  fact  that  it  is  proposed  to  establish  a  factory  on  a  par- 
ticular line  of  railroad  can  generally'  be  used  as  a  lever  to  secure,  by 
contract,  low  freight  rates  for  the  future,  both  in  shipping  beets  and 
the  finished  product — sugar.  (5)  The  supply  of  lime.  The  local 
quaiTies  of  lime  rock  must  be  investigated  to  see  if  the  quality  is  suit- 
able and  the  supply  sufficient,  as  a  large  amount  will  be  required. 

The  general  conditions  having  been  found  satisfactory  and  the  factory 
being  built,  other  problems  arise.  In  the  beginning  only  a  limited 
amount  of  skilled  labor  is  employed.  Eventually  every  employee  of 
the  factory  will  become  skilled  in  his  particular  part  After  two  or 
three  campaigns  have  passed  the  factory  has  worked  out  the  details 
of  producing  the  best  product  at  the  cheapest  cost  with  the  machinerv 
which  it  has.  When  this  point  shall  have  been  reached  those  interested 
will  be  prepared  to  estimate  the  cost  of  production  of  beet  sugar.  The 
difference  in  cost  of  production  at  a  new  factory  and  at  one  operated 
for  a  considerable  time  is  much  greater  than  one  unacquainted  with  the 
subject  would  suppose. 

CRUDE   MATEBIAI& 

Each  factory  must  resort  to  the  cheapest  fuel  available  and  suitable 
for  its  use.  There  is  a  vast  difference  in  the  grades  of  coal  used  by 
the  various  factories.  Coal,  however,  is  not  the  only  fuel  used.  On 
the  Pacific  coast  it  is  supplanted  by  petroleum,  a  product  of  southero 
California.  At  La  Grande,  Oreg.,  and  to  some  extent  at  Waverly, 
Wash.,  wood  is  used. 

Attention  is  directed  to  the  tables  (pp.  35-36)  compiled  from  data  fur- 
nished by  the  factories  themselves  covering  the  various  materials  u.sed 
by  them  during  the  past  year.  The  amount  of  coal  on  an  average  is 
shown  to  be  19.9  per  cent  of  the  amount  of  beets.  This  is  a  very  high 
rate  when  compared  with  the  amount  of  coal  used  in  the  older  beet- 
sugar  producing  countries.  There  is  an  opportunity  for  economizing 
in  the  future. 

The  same  tables  show  that,  in  amount  of  limestone  used  in  the  vari- 
ous factories,  there  is  a  wide  difference.  It  is  evident  that  some  of 
the  factories  have  not  been  able  to  secure  the  best  limestone,  or  that 
they  have  not  been  able  to  economize  in  its  use. 

There  is  also  quite  a  difference  in  the  cost  of  a  ton  of  coke  to  tlw 
various  factories.  Considerable  is  imported.  Coke  production  in  this 
country  is  confined  largely  to  the  East,  but  as  new  coal  regions  are 
discovered  the  coke  industry  will  probably  be  extended,  the  facilities 
for  securing  this  material  will  be  improved,  and  it  will  become  cheaper. 


i^BOGBESS   OF   THE    BEET-SUGAR  INDUSTRY.  23 

AMBRICAN-MADB   MACHINERY   AND   IMPLBMBNTB. 

Xhe  machinery  placed  in  the  original  factories  in  this  country  was 
largely  imported.  Since  that  time  our  machine  shops  have  taken  hold 
of  the  matter,  and  we  are  now  able  to  entirely  equip  a  factory  with 
American-made  machinery.  In  addition  to  this,  American  designers 
have  been  working  upon  the  improvement  of  this  machinery  and  have 
done  a  great  deal  to  introduce  improvements  for  cheapening  and  shoi-t- 
ening  the  work. 

We  began  the  industry  of  growing  sugar  beets  with  cumbersome 
implements  imported  from  Europe.  No  sooner  did  the  cultivation  of 
this  crop  reach  a  considerable  extent  than  did  the  implement  dealers 
be^n  the  improvement  of  the  implement's  used.  Much  progress  has 
been  made  in  this  direction.  The  objects  aimed  at  have  been  to  make 
the  machinery  less  cumbersome,  and  to  invent  new  and  cheaper  appli- 
ances for  use  in  seeding,  cultivating,  and  harvesting,  so  as  to  econo- 
mize in  horse  power  and  human  labor. 

EDUCATION   OF   LABOR. 

Every  new  factory  starts  with  a  few  men  educated  in  sugar  making. 
Work  in  the  factory  will  eventually  educate  all  the  employees.  As 
long'  as  the  number  of  factories  is  rapidly  increasing  it  will  be  neces- 
sary to  employ  considerable  inexperienced  help.  When  the  industiy 
shall  have  reached  a  later  and  fuller  stage  of  development  this  neces- 
sity will  largely  disappear,  and  each  factory  will  be  opei'ated  through- 
out with  men  thoroughl}'  posted  in  the  work  they  have  to  do. 

ATTITUDE  OF  THE  PUBUC. 

The  sugar  industry,  like  everything  else,  is  dependent  to  a  consider- 
able degree  upon  the  sympathy  manifested  by  the  public.  Beet  sugar 
has  had  to  meet  the  disadvantage  of  public  prejudice.  In  the  begin- 
ning the  idea  was  quite  prevalent  that  beet  sugar  was  inferior  to  cane 
sugar.  The  term  cane  sugar  was  confused  with  imported  sugar. 
People  appeared  to  have  the  idea  that  all  sugar  brought  into  this  coun- 
try was  made  from  cane,  while,  as  a  matter  of  fact,  a  large  portion  of 
it  was  beet  sugar  imported  from  Europe.  It  was  not  uncommon  for 
people  to  call  for  cane  sugar  at  the  stores,  or  at  least  to  insist  upon 
paying  less  for  the  home  product  made  from  beets.  If  beet  sugar  is 
properly  made  there  can  be  no  difference.  Experts  find  none.  Yet, 
at  the  present  time,  home-made  beet  sugar  is  placed  at  a  disadvantage 
in  having  to  enter  the  market  at  10  cents  per  hundredweight  less  than 
cane  or  imported  sugar.  As  with  all  other  prejudices,  it  will  take  time 
to  overcome  this.  In  this  discrimination  is  involved  not  only  a  pecun- 
iary loss  to  the  beet-sugar  producers,  but  a  restriction  of  the  market. 
As  the  industry  grows,  it  may  be  confidently  expected  that  this  feeling 
will  entirely  disappear.  A  community  of  interests  will  operate  to 
make  home-made  sugar  popular. 
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THE  QITALITV   OF  THE   BEETB. 

In  the  process  of  making  sugar,  what  are  known  as  the  impurities 
in  the  beets  operates  to  prevent  the  extraction  of  the  sugar.  It  costs 
a  great  deal  less  to  secure  the  sugar  from  a  ton  of  beets  high  in  purity 
than  from  a  ton  of  beets  low  in  purity.  Not  only  is  less  sugar  secured, 
but  it  costs  a  great  deal  more  to  secure  what  is  obtained.  As  sugar- 
beet  growing  proceeds  in  a  district,  there  is  generally  a  gradual  increase 
in  the  purity  and  sugar  content  of  the  beets,  because  the  farmers  learn 
to  grow  the  crop  more  successfully.  The  cost  of  production  is  materi- 
ally reduced  when  the  farmer  is  able  to  grow  a  crop  of  good  quality 
and  high  purity.  Judging  from  the  experience  of  other  countries,  we 
should  be  able,  in  twenty  years,  to  produce  beet  sugar  at  one-half  the 
present  cost. 

FACTORY   OWNEB8HIP  OF  LAND. 

There  are  several  projects  well  organized  and  capitalized  that  have 
plans  for  developing  a  lot  of  new  land  under  new  irrigating  ditches, 
and  tapping  new  sources  of  water  supply.  The  plan  is  to  locate  sev- 
eral sugar  factories  in  a  series  at  different  points  along  one  system  of 
irrigation.  I  have  personally  examined  the  plan  for  one  project  of 
this  kind  capitalized  for  $3,000,000,  and  the  scheme  appears  perfectly 
feasible.  This  enterprise  foreshadows  the  tendency  of  beet-sugar 
development  in  the  arid  region.  In  organizing  such  a  beet-sugar 
enterprise  the  first  problem  for  the  promoters  is  how  to  secure  a  sup- 
ply of  beets.  The  territory  is  unsettled.  The  enterprise  comprehends 
not  only  the  building  and  equipment  of  a  factory,  but  the  securing  of 
an  adequate  and  certain  suppl}'^  of  sugar  beets.  This  naturally  leads 
the  promoters  to  conclude  that  the  manufacturing  company  itself 
should  own  or  control  suflScient  land  to  furnish  the  supply  of  beets. 
The  present  tendency  of  beet-sugar  production  under  these  circum- 
stances involves  not  only  the  establishment  of  factories,  but  the  pur- 
chase of  sufficient  land  to  furnish  the  raw  material.  This  tendency  is 
so  strong,  and  of  so  much  importance,  that  I  feel  the  necessity  of  call- 
ing especial  attention  to  it.  It  grows  out  of  the  natural  conditions 
that  exist.  This  method  of  procedure  is  directly  opposite  to  that  which 
obtains  in  the  Mississippi  Valley,  or  in  the  older  agricultural  States 
farther  east,  where  the  farmer  furnishes  the  beets  and  the  manufac- 
turer confines  himself  to  producing  the  sugar.  In  these  sections  there 
will  alwa^'s  be  two  interests  involved — one  that  is  strictly  agricultural 
and  the  other  strictly  manufactural.  But  the  system  of  development 
in  the  arid  region  unites  both  interests  in  the  manufacturer  and  elim- 
inates the  independent  fanner. 

EDUCATIONAL  FORCES  AT  WORK. 

There  are  various  forces  at  work  educating  the  people  at  large,  and 
especially  the  farmers  and  factory  people,  in  the  production  of  sugar 
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beets  and  the  manufacture  of  sugar.  These  forces  deserve  special 
attention,  because  it  is  through  their  influence  that  the  various  mis- 
takes, leaks,  and  losses  are  eliminated  and  the  cost  of  production 
reduced. 

THB  PRB8B. 

The  press  may  always  be  considered  as  the  advance  agent  of  progress. 
It  has  been  a  very  active  agent  in  the  establishment  of  the  sugar-beet 
industry.  No  sooner  does  any  State  or  section  begin  the  prelimi- 
nary investigations  of  this  subject  than  writers  for  the  public  press 
be^n  to  investigate  and  to  disseminate  information  pertaining  thereto. 
Many  times  this  work  is  crude,  but  in  the  end  it  educates  the  press 
itself  as  well  as  the  public.  Whep  these  efforts  have  materialized  into 
the  actual  establishment  of  a  sugar  factory,  papers  of  another  class 
take  up  the  work,  namely,  the  agricultural  papers,  or  in  some  cases 
special  papers  devoting  their  attention  to  the  sugar  industry.  Such 
special  papei*s  are  now  published  in  Pennsylvania,  Illinois,  Michigan, 
Colorado,  and  California.  Papers  of  this  class  carry  the  work  along, 
developing  with  the  progress  of  the  indastry  itself.  Their  attention 
is  not  only  devoted  to  the  farmer  and  everything  that  has  to  do  with 
his  side  of  the  work,  but  to  the  work  of  the  factory  itself. 

PUBLIC  MEETINGS. 

Another  factor  in  the  education  of  the  people  in  sugar  production  is 
the  convention.  With  the  first  talk  of  a  factory  the  farmers  are  called 
together  and  the  benefits  of  the  sugar  industry  are  outlined.  Public 
speakers  discuss  the  relation  of  the  industry  to  the  farmers  and  to  the 
business  elements  of  the  community.  Steps  are  inaugurated  to  test 
the  conditions  for  growing  sugar  beets  and  to  interest  capital  in  estab- 
lishing a  factory  provided  the  results  are  favorable. 

The  next  step  in  the  development  of  the  convention  work  is  the 
calling  of  a  meeting,  in  which  the  various  sections  of  a  district  or 
State  are  represented  by  local  delegates,  to  consider  the  larger  ques- 
tions involved.  Experts  versed  in  the  agricultural  side  of  the  problem 
and  others  versed  in  the  factory  side  address  these  meetings,  and  in 
this  way  a  general  interest  in  the  sugar  industry  is  aroused.  The 
convention  idea  develops  from  the  local  to  the  general. 

ACTUAL  EXPERIENCE. 

When  a  factory  has  been  established  actual  experience  in  raising 
beets  and  making  sugar  completes  the  education  of  all  concerned. 
The  work  becomes  practical  as  well  as  theoretical.  Farmers  learn 
exactly  what  it  costs  to  grow  sugar  beets.  They  learn  alx)ut  the  pro- 
duction of  the  crop,  the  labor  involved,  the  profits  obtjiined,  and  the 
incidental  benefits  in  the  improvement  of  land,  stock  feeding,  and 
the  like.     Manufacturers  know  what  they  can  accomplish  in  the  pro- 
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duction  of  sugar,  the  cost  and  the  profits  of  the  sugar  factory.  Busi- 
ness men  discover  what  their  relations  are  to  the  industry  and  the 
laborer  learns  its  resources  of  employment.  The  coal  dealers,  quany- 
men,  transportation  companies,  coke  dealers,  and  furnishers  of  all 
kinds  of  supplies  for  the  factory  are  advised  of  their  status  in  this 
new  industry. 

BEET-SUGAR  FACTORIES  OF  THE   UNTTED  STATES. 

The  recent  census  shows  the  rapid  growth  of  the  beetrsugar  Indus- 
try  in  thi8  country.  Thirty-one  factories  had  been  established  before 
the  end  of  the  century.  Since  that  time  eleven  other  factories  have 
been  put  in  operation,  loc*Ated  at  the  following  places,  and  having  the 
daily  capacities  named:  L37ons,  N.  Y.,  600  tons;  Loveland,  Colo.,  1,000 
tons;  Rockyford,  Colo.,  1,000  tons;  Sugar  City,  Colo.,  500  tons;  Bing- 
ham Canyon,  Utah,  350  tons;  Provo,  Utah,  350  tons;  Logan,  Colo.,  40(i 
tons;  Lansing,  Mich.,  600  tons;  Saginaw,  Mich.,  600  tons;  Salzburg, 
Mich.,  400  tons;  Menomonee  Falls,  Wis.,  500  tons. 

At  the  following  places  factories  are  either  in  process  of  erection  or 
preparations  have  been  made  for  building  in  1902:  Sebewaing,  Mich., 
600  tons;  CarroUton,  Mich.,  600  tons;  Mount  Clemens,  Mich.,  600 
tons;  Croswell,  Mich., 600  tons;  Greeley,  Colo.,  800  tons;  £^ton,Colo., 
500  tons;  Fort  Collins,  Colo.,  500  tons. 

In  the  following  table  is  given  a  list  of  the  beet-sugar  factories  in 
the  United  States,  with  their  location  and  capacities: 

Beet-migar  factories  of  Ow.  United  States. 


Htate,  and  name  of  company. 


MICHIGAN. 

Michigan  Sugar  Co 

Bay  City  Sugar  Co 

Detroit  Sugar  Co 

Wolverine  Sugar  Co 

PeniiiMular  Sugar  Refining  Co 

West  Bay  City  Sugar  Co 

Alma  Sugar  Co 

Holland  Sugar  Co 

Kalamazoo  Sugar  Co 

Marine  Sugar  Co 

LaiiHing  Sugar  Co 

Saginaw  Sugar  Co 

(Jerman-Amerlcan  Cooperative  Beet  Sugar  Co 

Sebewaing  Sugar  Co 

Valley  Sugar  Co 

Mar'omb  Sugar  Co 

Croswell  Sugar  Co 


NBW  YORK. 


Bingham  ton  Beet  Sugar  Co. 
Empire  State  Sugar  Co 


COLORADO. 


Amerioan  Beet  Sugar  Co 

Colorado  Sugar  Manufacturing  Co. 


Rockviord 

Grand  Junction 

•  Factories  in  proccm  of  ooustruciion. 


Location. 


BayClty 

do 

Rochester 

Benton  Harbor... 

Caro 

West  Bay  City.... 

Alma 

Holland 

Kalamazoo 

Marine  City 

Lansing 

Saginaw 

SalsbuiK 

Sebewaing* 

CarroUton* 

Mount  ClementH*. 
Croswell* 


Binghamton. 
Lyons  


Daily  cft- 
pwity. 

TbiMqf 


bedB. 


500 

eeo 

800 

sso 

000 
7S0 


350 
MO 


600 
400 

eoo 


eoo 


000 

eoo 


i.ooo 

350 


^t 
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Beei'txigar  factories  of  the  United  States — Continued. 


State,  and  name  of  company. 


COLORADO— continued. 


National  Sugar  Manufacturing  Co. 

Western  Construction  Co 

Greeley  Sugar  Co 


UTAH. 


Ogden  Sugar  Co 

Utah  Sugar  Co 

Utah  Sugar  Co.  (Rasping  Station) 

Do 

Do 

Logan  Sugar  Co 


NEBRASKA. 


American  Beet  Sugar  Co. 

Do 

Standard  Beet  Sugar  Co  : 


CALIFORNIA. 


A  lameda  Sugar  Co 

Los  Alamitos  Sugar  Co. ., 

California  Beet  Sugar  and  Refining  Co 

SpreckelM  Sugar  Co 

Do 

American  Beet  Sugar  Co 


Location. 


Sugar  City. . 
Loveland . . . 
Greeley  »  . . . 

Eaton  • 

Fort  Collins 


Grand  Island . . 

Norfolk 

Leavitt  ( Ame8) 


Alvarado 

Watflonville  . 
Loa  AlamitoR 

Chino 

Cro<«kett 

Salinas 


Do '  Oxnard. 


Union  Sugar  Co. 


OTHER  STATES. 


Minnesota  sugar  Co 

Continental  Sugar  Co 

Wisconsin  Sugar  Co 

Pecos  Valley  Beet  Sugar  Co. 


Betteravia . 


St.  Louis  Park,  Minn . . . 

Fremont,  Ohio 

Menomonee  Falls,  Wis 
Carlsbad,  N.Mex 


Washington  State  Sugar  Co i  Waverly,  Wash 

Oregon  Sugar  Co !  Lagrande,  Oreg . 


Daily  ca- 
pacity. 


beel». 
600 
1,000 
800 
600 
800 


350 
860 
360 
S60 
860 
400 


360 
350 
500 


800 
1,000 

700 
1,000 
1,200 
3,000 
2,000 

500 


350 
350 
600 
200 
350 
350 


'Factories  in  process  of  construction. 


PROPOSED  NEW   FACTORIES. 

Below  is  given  a  list  showing  location,  daily  capacity,  and  estimated 
cost  of  eonstiniction  and  equipment  of  the  beet-sugar  projecUi  now 
under  contemplation.  These  projects  are  in  different  stages  of  discus- 
sion, organization,  and  capitalization.  Some  concerns  are  fully  organ- 
ized and  capitalized;  in  other  cases  conditions  have  l)een  canvassed, 
and  organization  seems  probable.  Nearly  all  these  projects  are  likely 
to  materialize  in  the  future,  provided  questions  affecting  the  beet- 
sugar  industry  are  settled. 

This  list  includes  only  such  projects  as  came  to  my  attention  during 
my  investigations  of  the  past  year,  and  is  authentic  as  far  as  it  goes. 
There  are  doubtless  others  of  which  I  have  no  definite  information. 
To  install  these  factories  would  require  an  investment  of  $49,000,000. 
In  addition,  they  would  require  annually  a  working  capital  of 
$9,080,000.  They  could  purchase  from  the  farmers,  annually,  beets 
to  the  amount  of^MpPiP,  besides  a  great  many  other  crude  materials, 
and  would  employ  a  large  number  of  laborers. 


"S 


114,700,00 


O 
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Lisi  of  proposed  fa4iOTie», 


Location. 


ABIZONA. 

Phoenix 

Glendale 

CALirORNIA. 

Hemet 

Hiieucmc , 

Anderson 

Tehama 

Los  Angeles 

COLORADO. 

Fowler 

Denver 

Fort  Collins 

Arveda 

Prowers  County 

Lonxmont 

Amity 

INDIANA. 

Shelby 

IOWA. 

Mason  City ;^ , 

Miinouri  Valley 

Toledo 

Storm  Lake 

Fort  Dodge 

California  Junction 

IDAHO. 

American  Falls 

MICHIGAN. 

Port  Huron 

Chippewa  County 

Racine 

Grand  Rapids 

Lapeer 

Port  Austin 

(Jreen  Bay 

Dundee 

Caaeville 

Monroe 

Saginaw 

OWOHHO 

Chesaning 

Grand  Rapids 

Croswell 

Monroe 

Howell 

Fowlerville , 

Cass  City 

Mount  Pleasant 

Onier 

St.  Louis 

Ma.<)on 

Pinconning 

Charlevoix 

Pontiae , 

Ann  Arbor 

St.  Johns 

MINNESOTA. 

Denmark 

Littk*  Falls 

Ne  wburg , 

Winona 

Cr(X)kston , 

MONTANA. 

Hamilton 

NEW  YORK. 

Wellsville 

Rochester 


Nominal 
daily  ca- 
pacity. 

1  Cofitof  eoa- 
stnMickniud 
eqnipimait. 

Tkmtqf 
hrtt$. 
1,000 
UN) 

$1,000,000 
500,000 

500 

l.UOO 

500 

1,000 

SO0.000 
500.000 

1,000.001) 
500.000 

1,000.000 

500 
500 

1,000 

600 

1,000 

1,000 

500 

500.000 

500.000 
1,000,000 

500.000 
1,000,000 
1,000,000 

500,001 

l.OOO 


500 
l.OOO 
500 
500 
500 
500 


500 


500 
500 

500 
800 
500 
500 
500 
750 
650 
600 
500 
500 
500 
350 
700 
800 
500 
600 
500 
500 
500 
500 
600 
500 
S50 
500 
400 
600 


500 
400 
500 
500 
500 


500 


500 
1,000 


l.OODtlW 


sooioeo 

1,000,000 
800,000 
600.000 
5001000 

soo^ooo 


500,000 


600,  OPO 
500,000 
500.000 
800.  ODD 

soaooo 

600,000 
600,000 
750,000 
650.000 
600.000 
600.000 
500.000 
500.00) 
350.000 
700.000 
800.000 
500,000 
500.  OOU 
600.000 
500.000 
500.000 
600.000 
600.000 
500,000 

aw.  000 

500,000 
400.000 
600.000 


500.000 
400.000 
500,000 
600.000 
500,000 


500.000 


600,000 

i,ooo,«io 
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Lid  of  proposed  factories — Continued. 


IConnt  Morris , 


Toledo 

Sandusky. 
KorwBlk. 


Portland 


Sliawiniit 


Abexdeen 
KimbaU.. 


Uintah 

Bear  River  Valley 
Gunnison 


Sheboygan 

Racine  (4  plants) 

Oeonomowok 

Waupaca 

Watertown 

Stephens  Point  . . 

Beaver  Dam 

Bnrlington 

Pranksville 

Kaukauna 


Wheatland. 
Cheyenne.. 


Total. 


Location. 


VKW  JKBSEY. 


yOBTH  DAKOTA. 


OHIO. 


OREGON. 


PENNSYLVANIA. 


SOUTH  DAKOTA. 


UTAH. 


WISCONSIN. 


WYOMING. 


Nominal 
daily  ra- 
pacity. 


Hmsqf 
beeU. 
500 


600 
600 


500 
500 
360 


600 


600 


AOO 
500 


1,000 

1,000 

600 


350 
500 
600 
600 
500 
600 
500 
500 
fiOO 
500 


600 
1,000 


Cost  of  con- 
struction and 
equipment. 


$600,000 


600.000 
600,000 


500,000 
500,000 
350,000 


600,000 
600,000 


600,000 
600,000 


1,000,000 

1,000,000 

600,000 


360,000 
2,000,000 
600,000 
600,000 
500,000 
500,000 
600,000 
500,000 
500,000 
600,000 


600,000 
1,000,000 


49,000,000 


STATISTICS  OF  THE  INDUSTRY   IN   THE  UNITED  STATES. 

The  statistics  of  factory  development,  consumption,  production,  and 
importation  of  sugar,  etc.,  have  been  drawn  from  the  most  reliable 
sources. 

THE  CENSUS  REPOBTS. 

From  Bulletin  No.  59  of  the  Twelfth  Census  are  taken  the  following 
tables,  which  show  the  growth  of  the  beet-sugar  industry  in  this 
country  during  the  last  two  decades: 
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Number  and  nominal  daily  capacily  of  e^tabUshmenU  in  1900^  2S99,  and  1S9S, 


States  and  Territories. 


The  United  States 


California... 

Colorado 

Illinois 

Michigan  ... 
Minnesota  .. 
Nebraska  ... 
New  Mexico 
New  York... 

Ohio 

Or«con 

Utah 

Washingrton. 


1900. 

1899. 

1J08. 

wnrnK^i- !  Nominal 
Number .      ^„y 

establi8h-i«^P«;"y/'^ 

Number 

of 
establish- 
ments. 

Nominal   |  tlj.,«,w,^     Komiiul 

daily      '  ^"JJ^r ,      daily 

capacity  in!  __,.?!<-»«_  ^ai^idiy  la 

tons  of     ^?SJjf*"     towtrf 

beeta.         "«"*»-         beco. 

•37 

22,310             ^31 

19,110  1            15             7.a» 

1                                     1 

8 

3 

1 

10 

1 
3 
1 
3 
1 
1 
4 
1 

9.900 
1,850 

700 
4,450 

400 
1,260 

200 
1,000 

400 

350 
•1,450 

350 

*8 
1 
1 
9 

1 
3 
1 
2 

9,900 
350 
700 

4.100 
400 

1,260 
200 
400 

5                4.10 

1 

1 
2 
1 
2 

s 

1 
3 
1 

350 

*  1,100 

350 

1  » 

2  7» 

1 

•  Includes  2  idle  establishments. 
^  Includes  1  idle  establishment. 

« Includ(>s  2  auxiliary  factories,  at  which  no  sugar  is  manaAu;turcd,  but  juice  is  ezuacted  from  tte 
beets  and  pumped  to  a  central  factory  for  treatment 
>>  Includes  1  auxiliary  factory. 

Stalisiics  of  beet-eugar  fadories  in  1879,  by  State*,  census  of  1890.  * 


states. 


The  United  States 

California 

Delaware 

Maine 


Number 

of  es- 
tablish- 
ments. 


GapiUl 
invested. 


$366,000 


Average 

number 

of  wage 

earners.^ 


360 


215,000 

100,000 

60,000 


160 

50 

160 


paid. 


962,271 


89,131 

3,140 

20,000 


Codtof 

materiahi 

used. 


Value  of 

IKOdlKC^ 


$186,128 


$156,532 


104.724 

6.404 

75,000 


162. 9» 
lll.< 


•Data  from  Tenth  Census,  Manufactures,  pp.  94. 101,  and  127. 
*>  Men,  16  yean  old  and  over. 


PRODUCTION   OF  SUOAR  IN  THE  UNITED  STATES. 


The  table  l)elow  shows  the  yearly  production  of  cane  and  beet  sugar 
in  the  United  States  for  the  last  twenty-one  years.  Unfortunately, 
all  of  the  cane-sugar  production  is  put  under  the  head  of  LouisiaDA^ 
but,  as  a  matter  of  fact,  Texas  is  producing  a  limited  amount  of  this 
sugar,  having  produced  3,238  tons  during  1901. 

The  following  further  facts  can  be  noted:  Beet-sugar  productioD 
has  pi*a(^tically  developed  in  the  last  thirteen  years.  The  increase  in 
1001  over  1900  is  140  per  cent.  In  twenty-one  years  the  production 
of  cane  sugar  has  increased  155.11  per  cent.  The  present  amount  of 
beet  sugar  produced  is  59.34  per  cent  of  the  cane-sugar  products 
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'Production  of  beet  and  cane  mtgar  in  the  United  Slates  {according  to  WiUett  &  Grayy  New 

York  CUy). 


Yeare. 


1880-61... 

1881-82... 
1882-88... 

1884^86... 
1885-86... 
1886-«7... 
1887-88... 
1888-89... 
1889-90... 
1890-91 . . . 
1891-92... 
1892-98... 
1893-94... 
18»-95... 
1895-90... 
1896-^97... 
lsa7-98.., 

189»-1900. 
1900-1901. 
1901-2 »».. 


Beet. 

Cane (Lou- 
isiana). 

Totol. 

TbfM. 

Timt. 

Tons. 

(• 

.  V 

122,000 

122,000 

• 

'1 

71,000 

71,000 

' 

136,000 

136,000 

128,000 

128.000 

II 

94,000 

94,000 

M 

V 

128,000 

128,000 

1  i 

' 

81,000 

81,000 

(• 

0 

158,000 

15K,000 

2,000 

145,000 

147,000 

3,000 

128.000 

131,000 

8,000 

216,000 

219.000 

5,000 

161,000 

166,000 

12,000 

202,000 

214,000 

20,000 

266,000 

286.000 

20,000 

817,000 

8:n,ooo 

29,000 

238,000 

267,000 

38,000 

282,000 

32G,000 

40,000 

310.000 

aw,  000 

S2,000 

246.000 

278,000 

73,000 

132,000 

205,000 

.77,000 

275,000 

avi.ooo 

184,606 

311,238 

495,961 

•LesB  than  1,000  tons. 

^  Fignres  for  1901  Inserted  by  Charles  F.  Saylor.  special  accent. 

The  following  tables  show  the  production  of  sugar  during  recent 
years  in  the  United  States  and  its  insular  dependencies: 

Production  of  sugar  in  th^  United  States  for  the  four  years  1898-99  to  1901- J. 


1808-09.* 

1899-1900.* 

1900-1901.  • 

7biM.« 
77,000 
275,000 

1901-2. »» 

Beet  sngar 

Tons.* 
32.000 
246,000 

7b»M.« 
78,000 
132,000 

Tbtut. 
181  713 

Cane  sugar  (Louisiana) 

311,238 

Total  sugar 

278,000 

205,000 

352,000 

495,951 

•The  statistics  given  in  the  first  three  columns  are  on  the  authority  of  Willctt  &  Gray,  New  Yoric 
City. 
^The  figures  in  the  last  column  were  compiled  by  C.  F.  Saylor,  special  agent. 
•Long  tons  (2,240  pounds). 

Production  of  cane  sugar  in  United  States  dependencies  for  the  four  years  1898-99  to  1901-2. 


1898-99.  • 

1899-1900.* 

1900-1901.  • 

1901-2.  b 

Hawaii 

Tons.* 
25:3,000 
64,000 
98,000 

7bfW.« 
269.000 
35,000 
63,000 

7bn«.« 
821,000 
80,000 
52,000 

Tom. 
350,000 
92,000 
75,000 

Porto  Rico 

Philippine"         ...        r .        

Total  United  States  dependencies 

400,000 

357,000 

453,000 

517  000 

»The  statistics  given  in  the  first  three  columns  are  on  the  authority  of  Messrs.  Willctt  &  Gray.  New 
YorlcCity. 
^The  figures  in  the  last  column  were  compiled  by  C.  F.  Saylor.  special  agent 
•  Long  tons  (2,240  pounds). 


IMFOBTATION   OF  SUGAR  INTO  THE  UNITED  BTATBBw 

Below  are  given  the  total  imports  of  sugar  from  all  countries  into 
the  United  States  for  a  series  of  years  from  1881  to  1901,  inclusive. 
This  covers  a  period  of  twenty- one  years  and  shows  a  gradual  progres- 
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sWc  growth  of  trade  in  this  product  between  this  country  and  the  nri- 
ous  countries  supplying  it.  In  this  period  the  total  imports  of  sngu 
have  increased  147  per  cent  in  amount  and  41.4  per  cent  in  value. 


ImporU  [general)  o/mgar  into  the  VniUd  SUiU» 

IS81-1901. 

Y™™  ended  Jnne  30- 

Poonds. 

Tom. 

V»lw. 

illl 

'^■■■.■i.l..-;  MZ 
."  1-..  i;:  sa 

1.280.543 
1.  SIS.  HI 

I.  WO,  MO 

iiSi 

\.wb,iei 

1,T3»,«6 
a.  196.  WO 
1,200,857 
1,T76.»B7 

i.-na.tn 
j.i«.rai 

■  Including  frnports  from  HkHtkil  anil  Porto  EUco.  u  in  pravtom  yean. 


conshmptiok  o 


SUOAB   IK  TSB  VKmO  OTATKB. 


The  following  table  shows  for  each  year,  during  the  pasttweTity-onf  I 
years,  the  consumption  of  sugar,  the  yearly  increase  of  consumption, 
and  the  per  capita  consumption  for  each  year.  The  consumption  has 
practically  doubled  in  the  last  eighteen  years,  and  in  the  entire  period 
it  has  increased  138.77  per  cent.  This  per  cent  of  increoi^e  divided  by 
the  number  of  years  in  the  period  gives  6.94  as  thcavcn^^  annual  per 
cent  of  increase. 

This  rate  is  sometimes  used  as  a  factor  in  estimating  future  con- 
sumption. But  this  can  not  be  properly  done  unless  the  figures  for 
consumption  for  1S81  are  used  as  the  basis.  If  the  figures  for  a  par- 
ticular year  (1901,  for  instance)  are  used  as  a  basis  for  estimating  the 
consumption  for  the  following  year  (1902)  the  results  will  be  incorrect, 
being  considerably  too  large.  A  great  many  have  made  a  misuse  of 
this  per  cent  of  annual  increase  of  consumption. 

Mr.  Frank  H.  Hitchcock,  chief  of  the  Section  of  Foreign  Markets, 
United  States  Department  of  Agriculture,  was  asked  by  me  to  derive 
the  true  factor  for  computing  consumption  from  year  to  year,  and  in 
response  to  my  request,  he  derived  the  factor  4.45  per  cent  for  com- 
puting our  consumption  of  sugar  for  1902  from  that  of  1901.  Mr. 
Hitchcock^s  comuiunication,  with  the  formula,  follows: 

U.  S.  Dbfabthent  of  AaMcctTCUB, 

6»CTioN  or  FoRBiaN  Markbtb, 
Wiuhington,  D.  C,  Fehniary  17,  ISO!. 

Dkar  ,Sik:  In  reference  to  your  inqniry  of  Satnrd»y,  the  15th  instJUit.  U  loU 
average  annual  rate  to  ho  used  in  eetimatiDg  the  probable  fntUK  coneumptiaB  "f 
eugar  in  the  United  States,  1  would  euggeat  4.46  per  cent 
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I  have  aniTed  at  tbia  rate  by  taking  the  conaumption  figuTee  for  tbe  first  And  h 
yeara  of  tbe  peHod  1881-1001  and  employing  the  usoal  algebraic  formula  tor  coi 
pounding,  vii: 

'  A=FXil  +  r)-' 

from  which  we  derive  ae  the  formula  for  obtuning  the  rate — 


=7F' 


r  =  Average  annnal  rate  of  ii 

n  =  Number  of  yeare. 

P~  Amount  for  finrt  year  o(  period. 

A  =  Amount  tor  last  year  of  period. 
Takic^;  the  period  1881-1901,  for  the  firet  year  of  which,  according  to  Willett  & 
Gray,  the  actual  coneumption  was  903,632  tons,  and  for  the  last  year  of  which, 
according  to  tbe  same  authority,  the  actual  conaumptiou  was  2,372,316  tons,  and 
applying  the  above  formula,  there  being  twenty  years  from  tbe  first  to  the  last  year 
of  the  period,  we  obtain  the  following: 
"/2,372.316 


S3,532 


=  0.0444736  =  4.44786  percent,  or  about  4.46  per  cent. 

This  rate  of  increase  differs  materially  from  that  given  by  Messrs.  Willett  &  Gray, 
of  Sew  YorkCity,forthe  twenty  yearasubeequentlo  1881.  Apparently  Willett*  Gray 
merely  compared  the  consumption  of  1881  with  that  of  1901,  and  linding  the  per- 
centage of  incniase  in  the  latter  year  over  the  former  amounted  to  138.77  per  cent, 
they  divided  by  20,  the  number  of  years  in  the  period  of  increase,  to  aacertain  the 
■imnal  average  rate  of  increase  for  that  period,  and  obt^ne^t  a  rate  of  6.04  per  cent. 
In cstimatiDgfntnre consumption,  however,  anaver^^  ret£  obtained  after  Willett  & 
Gray's  method  could  hardly  be  considered  accurate. 
Very  truly,  yours, 

Fra.sk  H.  HrrcncocK. 
Mr.  C.  F.  Savlor, 

Special  Agent,  Department  of  AffHci^ure. 

Contamptiffn  of  sugar  in  the  United  Statu,  1881-1901. 
[According  to  Wllleu  &  Orsf.) 


+  T.09 

u.oo 

comnired  vrlt) 
u  otXHH  pooj 
i  flgnres  [oi  IW 

S.  Doc.  316 3* 


•1  Chule*  F.  FAyloi,  epeclsl  a| 
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The  rapid  growth  in  consumption  of  sugar  may  strike  one  at  firstas 
hard  to  understand,  but  a  closer  investigation  reveals  that  it  is  one  of 
the  natural  results  of  the  rapid  development  that  characterizes  all  the 
industries  of  this  country.  Not  only  is  sugar  used  as  an  article  of 
diet,  but  it  is  required  in  large  quantities  in  the  manufactures,  arts, 
and  sciences,  this  being  the  principal  cause  of  the  growth  of  consump- 
tion. While  it  is  a  fact  that  the  daily  table  use  of  this  article  grows 
as  wealth  accumulates,  this  would  not  by  any  means  account  for  the 
large  increase  in  consumption.  Throughout  the  whole  country,  espe- 
cially in  the  mountain  and  Western  States,  we  have  been  lupidlj 
developing  very  productive  fruit  districts.  Irrigation  has  played  ao 
important  part  in  extending  the  fruit  industry.  These  orchards  and 
patches  of  small  fruits  have  been  coming  gradually  into  pi-oduction. 
Many  of  them  are  distant  from  the  markets.  Their  products  are  of  a 
perishable  nature,  and  can  not  be  distributed  to  consumers  in  a  fre^h 
state.  Canning  industries  and  preserving  industries  of  all  kinds  have 
been  installed  to  work  up  these  products.  Sugar  is  required  in  Lirge 
amounts  in  preserving  and  canning  fruits.  Like  other  industries,  the 
prepared-fruit  industry  has  to  find  a  market.  It  has  accomplished 
this,  not  only  at  home,  but  to  some  extent  in  foreign  countries.  Each 
year  sees  a  large  increase  in  the  supply  of  fruit  that  must  be  treated 
in  this  way,  and  each  year  has  seen  a  consequently  large  growth  in 
our  home  and  foreign  trade  in  these  products.  Naturallj'  the  increase 
in  the  demand  for  sugar  in  this  direction  has  been  enormous;  yet  the 
fruit  industry  is  only  in  its  infancy. 

FACTORY  RESULTS  FOR  1901. 

The  following  table  is  made  up  from  data  reported  to  me  by  the 
various  factories  of  the  United  States,  covering  their  actual  work  dur- 
ing the  past  year.  The  figures  entering  into  the  tables  represent  actual 
returns,  with  the  following  exceptions: 

First.  Two  factories  did  not  respond  to  my  request  for  data.  In 
those  instances  estimates  were  made  from  other  information  at  hand. 

Second.  Four  or  five  factories  failed  to  fill  out  a  few  of  the  blanks 
in  their  replies,  and  in  order  to  make  the  table  complete  throughout, 
estimates  were  made  from  other  information  at  hand  and  by  compar- 
ison with  the  results  of  other  factories. 

Third.  As  it  is  not  desirable  to  disclose  the  identity  of  the  factories, 
each  factory  is  indicated  by  a  number. 

The  second  table  is  made  up  of  data  derived  from  the  first,  and  gives 
a  very  complete  and  interesting  exposition  of  the  results  obtained  by 
the  sugar  factories  of  this  country  in  their  actual  work. 
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MISCELLANEOUS  SU6AB  STATISTICS. 

Through  the  courtesy  of  Mr.  Frank  H.  Hitchcock,  chief  of  the  Sec- 
tion of  Foreign  Markets,  Department  of  Agriculture,  the  following 
tables  were  compiled  in  order  to  bring  out  certain  information  espe- 
cially interesting  at  the  present  time.  The  figures  given  are  based 
partly  upon  official  returns  and  partly  upon  statistics  published  by 
leading'  commercial  authorities. 

These  tables  contain  a  fund  of  information  of  great  value  to  all  per- 
sons who  are  making  a  study  of  the  sugar  question,  whether  from  a 
practical  or  an  economic  standpoint. 

Average  import  price  per  pound  of  guffor  imported  into  the  Uniled  /Spates. ' 


Sugar  not  above  No. 

16,  Dutch  standard. 

Beet. 

Cane  and  other. 

Average 
for  an 

not above 
No.  16. 

Sugar 
above 

Yearn  ended  June  30— 

From 
Hawaii. 

From 
Porto 
Rico. 

From 
Cuba. 

From 
other 
coun- 
tries. 

No.  16, 

Dutch 

standard. 

1891 

Cents. 
2.8 
2.8 
2.9 
3.1 
2.0 
2.3 
1.8 
1.9 
2.1 
2.1 
2.2 

Cents. 
4.2 
2.8 
2.9 
2,9 
2.7 
8.2 
3.1 
3.3 
3.7 
4.0 
3.9 

CenU. 
8.0 
2.9 
3.2 
3.2 
1.8 
2.1 
1.8 
1.9 
2.3 
8.4 
3.4 

CejUs. 
8.1 
3.1 
3.3 
3.0 
2.2 
2.2 
2.1 
2.2 
2.5 
2.6 
2.4 

Cents. 
2.7 
2.7 
2.8 
2.7 
1.9 
2.1 
1.9 
1.9 
2.1 
2.2 
2.2 

CYnts. 
3.0 
2.9 
3.1 
2.9 
2.1 
2.8 
2.0 
2.2 
2.4 
2.5 
2.5 

Cents. 
3.8 

W92 

3.8 

1898 

3.9 

18M 

3.8 

1895 

2.8 

1896 

1887 

2.9 
2.5 

1898 

2.4 

1899 

2.7 

1900 

3.4 

1901 

2.7 

•Baaed  on  ofScial  returns  published  by  the  Bureau  of  Statistics,  Treasury  Department.  These  fig- 
ures represent  the  wholesale  market  prices  at  the  ports  of  shipment,  and  do  not  include  the  import 
duty  levied  in  this  country,  nor  the  cost  of  transportation  to  ttiis  country. 


Averctge  market  price  of  sugar  per 

pound  in 

New  York  City.'' 

Calendar  years. 

89°  mus- 
covado. 

96°  cen- 
trifugal. 

1891 

Cents. 
3.4 
2.8 
3.2 
2.6 
2.9 
8.2 
8.1 
3.7 
3.9 
4.0 
3.5 

Cents. 
3.9 

1892 

3.3 

1888 

3.7 

1894 

3.2 

1895 

3.3 

1886 

3.6 

1897 

3.6 

1888 

4.2 

1899 

4.4 

1900 

4.6 

1901 - 

4.0 

Granu- 
lated. 


events. 
4.6 
4.3 
4.8 
4.1 
4.2 
4.5 
4.5 
5.0 
4.9 
5.3 
5.0 


■According  to  statistics  published  by  Willett  &  Gray,  of  New  York  City. 
Weekly  receipts  and  market  value  '  of  imported  sugar  al  United  States  ports  ^  in  1901. 


Weeks  ended — 


Jsn. 


1901. 


3. 
10. 
17. 
24. 
81. 


Receipts. 

Price  per 
pound  of 
96°  cen- 
trifugal. 

Tons. 
7,068 
43,962 
29,910 
28, 112 
43,287 

Cents. 

4« 

4i 
4i 

Value. 


Dollars. 
692,664 
4,308,276 
2,931,180 
2,676,262 
4,120,922 


•Based  on  receipt  and  price  statistics  published  by  Willett  &  Gray  of  New  York  City. 
i>  New  York,  Boston,  Philadelphia,  ana  Baltimore. 
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Weeldy  receipUt  and  market  value  of  imported  migar,  etc. — Continued. 


Apr. 


Feb.    7. 

14. 

21. 

28. 
Mar.    7. 

H. 

21. 

28. 
4. 

11. 

18. 

25. 

May     2. 

9. 

16. 

23. 

31. 
June    6. 

13. 

20. 

27. 
July     3. 

11. 

18. 

25. 

Aug.     1. 

8. 

15. 

22. 

29. 
5. 


Sept. 


12. 

20. 

26. 
Oct.      3. 

10. 

17. 

24. 

31. 
Nov.    7. 

14. 

21. 

29. 
Dec.     5. 

12. 

19. 

26. 

31. 


Weeks  ended— 


1901. 


Receipts. 


7biii>. 
58,062 
90,857 
28,209 
42,868 
51,609 
45,149 
36,707 
39,S47 
22,287 
52,047 
6,20S 
49,&I7 
39,510 
56,?29 
33.083 
38,167 
40,655 
38,212 
(M,62}< 
44.678 

«l9,  iff  A 

58,8»i 
36,868 
34,769 
18,647 
22,165 
14.624 
23.255 
29,668 
46,168 
17.484 
39,778 
37,374 
12,622 
18,066 
34,168 
16. 174 
53.406 
35.009 
26. 122 
26,463 
19.275 
13.421 
11,089 
25.480 
35,432 
12,409 
24,460 


Totals  and  average I    1.753,005 


Price  per 
pocnd  of 
96®  cen- 
trifugal. 


Cent*, 


Value. 


i>QflSOfS. 

5.5S7,2iB 

2, 987.  .See 

2,afii,r>i 

4.0ZL015 
4. 096;  419 

4,04a.3rio 

8.314.6C2 

2,a2S.3«7 
4. 772. 710 

%LM1 
4,647,dU» 
3.761.3% 
5. 440,  ail 
3,ltf7,HG5 
3,660.215 
S,970,3fi6 
3,«37,7e 
6,1%  5(« 
4,2.'i8,3tf 
3.741,444 
6,5H3» 
3.411,3B 
3,236.994 
1,749.09 
2,06o,.^fi2 
1,351,258 
2,063.619 
2,657.3S? 
3,942,747 
1,468,656 
3,341.352 
3,139,416 
l,051,84.s 
1.517,544 
2,1*70.112 
1.35K,G16 
4.660,K?2 
2,989.769 
2.191.24S 
2,204.3® 
1,592,115 
l,r27,3&4 

931,476 
2.136.139 
2.976,288 
I,016,:9T 
1,9M,1&* 


^4.07         159,724,614 


»  Quotation  of  January  2, 1902. 

^  This  price  is  a  properly  weighted  annual  average  based  on  the  total  receipts  for  the  year  and  thdr 
value,  as  obtainea  by  applying  the  weekly  price  quotations  to  the  weekly  receipts. 

PRODUCTION  AND  CONSUMPTION   OF  SUGAR   IN  THE   UNITED  STATES 

GRAPHICALLY  PRESENTED. 

The  present  development  of  the  sugar  industries  of  the  United 
States  can  be  illustrated  in  no  better  way  than  by  mapping  the  States 
and  groups  of  States  which  produce  as  much  or  nearly  as  much  sugar  as 
they  consume.  Uniting  these  groups  shows  the  area  that  our  present 
production  of  sugar  is  sufficient  to  supply.  There  are  three  States  in 
which  the  beet-sugar  industry  has  already  developed  to  the  extent  of 
supplying  the  demands  for  consumption  within  their  own  borders  and 
partially  supplying  the  demand  from  adjoining  States. 

The  numbers  employed  in  the  following  tables  and  maps  have  been 
derived  as  follows: 

The  population  is  taken  from  the  reports  of  the  Twelfth  Census. 
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The  figures  for  consumption  of  sugar  are  found  by  multiplying  the 
population  by  the  average  consumption  of  sugar  in  pounds  per  capita 
for  the  whole  country  according  to  the  most  reliable  statistics. 

The  figures  for  production  of  sugar  have  been  made  up  from 
actual  returns  made  by  manufacturers  and  estimates  made  by  reliable 
authorities. 

For  the  purpose  of  graphic  presentation,  the  States  and  Territories 
west  of  the  Missouri  and  Mississippi  rivers  are  divided  into  the  fol- 
lowing groups: 

Group  I.  Washington,  Oregon,  and  California. 

Group  II.  Idaho,  Nevada,  Utah,  and  Arizona. 

Group  III.  Montana,  Wyoming,  Colorado,  and  New  Mexico. 

Group  IV.  Nebraska,  Kansas,  Oklahoma,  Indian  Territory,  Texas, 
Arkansas,  and  Louisiana. 

In  these  tables,  after  the  first  one,  the  totals  are  carried  forward  so 
as  to  show  the  comparison  of  production  and  consumption  of  sugar, 
not  only  by  States  and  groups,  but  by  combinations  of  groups. 

GROUP  I. 

Populaiiony  cmd  coruumptian  and  production  offfugarfor  1901. 


state. 


Population 
in  1900. 


Calif omla.. 
Washington 
Oregon 


1,485,068 
518, 103 
413,536 


Total 


2,416,092 


Consumption 
of  sugar. 


Pounds. 

101,677,800 
85,438.245 
28,285,862 


165,801,907 


Production  of 
beet  sugar. 


I^rnnde. 
143,947.800 
2,200,000 
3,066,000 


149,213,800 


The  accompanying  map  (fig.  1)  shows 
the  population,  consumption  of  sugar, 
and  the  production  of  beet  sugar  in 
Washington,  Oregon,  and  California, 
the  Pacific  States,  constituting  Group 
I.  Ten  3'^eai's  ago  but  little  sugar  was 
produced  in  this  area,  and  that  in  but 
one  State,  California.  Now  the  pro- 
duction nearly  equals  the  consump- 
tion, while  that  of  California  alone 
exceeds  her  consumption  by  over 
42,000,000  pounds.  Factories  are  in 
operation  in  each  of  these  States,  and 
others  are  projected  which  should 
largely  increase  production  in  the 
near  future.  The  development  of  the 
industry  in  this  section  during  the 
past  few  years  may  be  taken  as  an  in- 
dication of  the  development  which 
may  be  looked  for  in  other  areas  dur- 
ing the  next  decade. 


Fig.  1.— Population,  and  conumption  and 
production  of  sugar  in  the  Pacific  ooa^t  States. 
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GROUP  II. 

PopulatUmf  and  conmmption  and  production  of  mgar  for  1901, 


state  or  Territory. 


Idaho  

Nevada 

Utah 

AriJBona 

Total,  Groap  II 

Group  I 

Total.  Groapa  I  and  II 


Population 
in  1900. 


161,772 

42,335 

276,749 

122,981 


603, 7»7 
2,416,692 


3,020,479 


Consumption  '  Prodactian  of 


of  su^par. 


beetsu^iar. 


Pou»d». 
11,060.280 

2,895,714 
18.f^29,651 

8,408,480 


90,710,000 


41,294,125 
165,301,907 


90.710,000 

149,213,800 


206.596,082 


179,983,800 


Group  II  (fig.  2)  includes  the  States  of  Idaho,  Nevada,  and  Utah, 
lying  almost  wholh'^  in  what  is  called  the  Great  Basin,  and  the  Terri- 
tory of  Arizona.  Ten  years  ago  there  was 
but  one  small  factory  in  this  area,  that  at 
Lehi,  Utah.  Now  there  are  three  sugar  fac- 
tories (one  of  which  has  three  separate  rasp- 
ing stations),  and  the  product  of  sugar  is 
nearly  three-fourths  the  amount  consumed. 
A  present  this  production  is  confined  to 
one  State,  Utah,  in  which  the  production 
exceeds  the  consumption  by  about  12,000,000 
pounds.  The  Utah  Sugar  Company  has  in- 
creased its  capital,  and  contracted  for  beets 
with  a  view  to  erecting,  in  the  Bear  River 
Valley,  another  large  factory.  A  company 
has  been  organized  and  capitalized,  and  eon- 
tracts  have  been  made  for  growing  beets 
with  a  view  to  the  building  of  a  1,000-ton 
factory  at  Phoenix,  Ariz.  Projects  for  the 
construction  of  factories  in  Nevada  and  Idaho 
are  receiving  consideration .    On  the  whole,  it 

Pig, 2.— Population, and consump-    ,  .  xi_    x  xi_'  -ii 

tion  and  production  of  sugar  in  the    IS  SafC  tO  say  that  thlS  group  Will  SOOn  pro- 

Great  Basin  States  and  Arizona.  ^yj^Q^  morC  SUgar  than  the  amOUUt  COnSUmed. 

The  united  totals  for  Groups  I  and  II  show  that  the  production  of  the 
combined  groups  is  more  than  six-sevenths  of  the  amount  consumed. 

GROUP   III. 

PopiUationj  and  conifumption  and  production  of  sugar  for  1901. 


Stivte  or  Ten^tory. 


GROUP  E. 

POP  603.787 
CONS.  41. 294.125 
PROa  30.710.  000 


Montana  .... 

Wyoming 

Colorado  — 
New  Mexico. 


Total.  Group  III. 
Groups  I  and  II 


Total,  Groups  I-III 


Population 
in  1900. 

Consumption 
of  sugar. 

Production  of 
beet  sugar. 

213,829 

92,&31 

589,700 

195,870 

Pounds. 

16,643,708 

6,329,120 

86,915,480 

18,897,608 

Founds. 

47,411,600 

1,071,430 
3,020,479 

78.285,811 
206,596,082 

47,411,600 

179, 928.  an 

4,091,909 

279,881,848 

227,835.400 
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MONTANA 

?f*b<»» 8«U» 


1 


WYOMING 

Qonauiiyiio«>>— •lUaiLiM  IM. 


COLORADO 


In  Group  lU  (fig.  3)  are  included  the  Bocky  Mountain  States, 
Montana,  Wyoming,  and  Colorado,  and  the  Territory  of  New  Mexico. 
Three  years  ago  every  pound  of  sugar 
consumed  in  Colorado  was  brought  in 
from  the  outside.  Now  her  production 
equals  her  consumption  and  leaves  a  sur- 
plus sufficient  to  supply  Wyoming,  with 
over  4,000,000  pounds  to  spare,  equal  to 
one-third  of  New  Mexico's  consumption. 
In  the  group,  the  production  is  about 
two-thirds  of  the  consumption.  The 
production  last  year  was  confined  to 
Colorado,  in  which  there  ai'e  three  fac- 
tories in  successful  operation,  with  three 
more  building  or  preparing  to  build  for 
the  campaign  of  1902  with  a  capacity  for 
producing  37,000,000  pounds  of  sugar. 
These  alone  will  make  the  production  of 
this  area  considerably  in  excess  of  the 
amount  consumed. 

There  is  a  factory  with  a  daily  capac- 
ity of  200  tons  of  beets  at  Carlsbad, 
N.  Mex.,  but  this  was  idle  during  1901. 
There  are  several  projects  on  foot  for 
building  factories  in  Montana  and  Wyoming.  The  total  production 
of  beet  sugar  in  Groups  I,  II,  and  III  was  thirteen-sixteenths  of  the 
amount  of  sugar  consumed. 


BROUPm. 

f»       I.P7l.-«0. 
CON&  73.28S.811  188. 


CenauinBtion-- 
Prtduotofr "  •  "■ 


NCW   Mexico 


Pr«Aist«n- alAil 


Fio.  8.— Population,  and  consumption 
and  production  of  sugar  in  the  Rocky 
Mountain  region. 


GROUP  rv. 


PopuUsHony  and  consumption  and  production  of  sugar  for  1901, 


State  or  Territory. 


Population 
inl900. 


Nebraska 

Kansas 

Oklahoma 

Indian  Territory 

Texas 

Louisiana" 


1,066,300 
1,470,495 
898,831 
392,060 
3,048,710 
1,381,625 
1,811,564 


Total.  Group  IV 
Qronpel-m 


Total.  Groups  I-IV 
Total  beet  sugar 


9,069,085 
4,091,909 


13,160,994 


Total  cane  sugar 


Consumption 
of  sugar. 


Pounds. 
72,984,920 

100,580,858 
27,245,840 
26,816.904 

206,521,764 
94,503,150 
89,710,977 


Production  of 
sugar. 


Pounds. 
>  14, 912, 300 


620,314,413 
279,881,843 


b 6, 476, 400 
b 616, 000, 000 


687,388,700 
•227,335,400 


900,196,256 


864,724,100 
242,247,700 


622,476,400 


•  Beet  sugar.  ^  Cane  sugar. 

•  Louisiana's  output  of  cane  sugar  estimated  by  A.  Bouchereau. 
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The  only  beet-sugar  producing  State  in  this  group  (fig.  4)  is  Nebraska, 
which  has  three  factories,  but  produces  only  about  one-fifth  of  the 

amount  of  sugar  consumed 
in  the  State.  Her  product 
added  to  that  of  the  groups 
already  given  raises  the  aggre- 
gate of  beet-sugar  produced  in 
the  four  groups  to  242,000,000 
pounds. 

In  the  State  of  Texas  a 
small  quantity  of  cane  sugar 
is  produced.  Louisiana's  prod- 
uct alone  is  almost  equal  to 
the  entire  sugar  consumption 
of  this  group. 

Fio.  4.-P(>pulation.  and  coD«miptlon  and  ppodnc-  '^^^  accompanying  map  (fig. 
tion  of  sugar  in  a  group  of  States  lying  in  the  MissiB-  5)  showS  the  area  of  Oroups 
sippi  valley  and  Gulf  region.  jjy    .^   ^j^j^j^   ^^^    ^^^,   p^ 

duction  of  sugar  exceeds  96  per  cent  of  the  amount  consumed. 


SUGAR   PRODUCT  OF  THE  WHOLE  COUNTRY. 

Beet  sugar  produced  in  1901  outside  of  Groups  I  to  IV. 

Pounda 

Minnesota 5,400,000 

Wisconsin 3,466,550 

Michigan 106,267,500 

Ohio 2,492,000 

New  York 9,337,963 

Total 126, 9«,  033 

It  will  be  observed  that  the  great  bulk  of  the  sugar  produced  east  of 
the  Mississippi  is  made  in  Michigan,  where  13  factories  were  in  suc- 
cessful opei'ation  in  1901. 

Sugar  produced  in  the  United  States  in  1901, 

Foonda 

Beet  sugar,  Groups  I  to  IV : 242,247,700 

Beet  sugar,  other  States 126,964,083 


Beet  sugar,  United  States 369,211,733 

Cane  sugar,  United  States 622,476,400 


Total  sugar,  United  States 991,688,183 

If  to  the  beet-sugar  product  of  the  four  groups  mapped,  the  sugar 
produced  in  the  other  States  be  added,  we  have  a  total  of  369,211,T33 
pounds  of  beet  sugar  produced  in  the  United  States  in  lfK)l.  The 
cane-sugar  product  of  the  country  (622,476,400  pounds)  added  to  this 
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gives  a  grand  total  of  991,688,133  pounds  of  sugar  produced  in  the 
United  Statea  last  year.  This  total  product  is  sufficient  to  cover  the 
consumption  of  the  four  groups  of  States  given,  together  with  that  of 
North  and  South  Dakota  (50,296,816  pounds),  and  leave  41,000,000 
pounds  to  apply  elsewhere.     Therefore,  if  we  add  to  the  area  mapped 


■""^^  , 


"OPto 


lT/0(, 


ifi.^ 


■/ 9OO.|90,25g  UBS      '""^^ 
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The  consumption  of  sugar  in  Iowa  is  156,000,000  pounds.  If,  then, 
the  product  of  the  factories  making  sugar  in  1901  increases  equally 
with  increase  in  consumption  in  1902,  the  additional  product  made  by 
these  new  factories  will  add  to  the  area  of  consumption  supplied  by 
the  home  product  the  equivalent  of  three-fourths  of  Iowa's  territory. 

From  these  figures  it  will  be  seen  that  the  time  is  rapidly  approach- 
ing when  the  United  States  will  produce  as  much  sugar  as  is  consumed 
in  the  entire  area  west  of  the  Mississippi  River. 

PBOBABLE  FUTURE  OF  THE  INDU8TBY. 

The  consumption  of  sugar  in  the  United  States  during  1902,  calcu- 
lated from  the  figures  for  1901,  will  be  approximately  2,500,000  tons, 
and  the  production  (both  cane  and  beet)  will  reach  nearly  500,(XK)  tons. 
This  leaves  2,000,000  tons  to  be  brought  in  from  outside  the  United 
States  proper.  Of  this  amount  Porto  Rico  should  supply  100,000  tons 
and  Hawaii  300,000,  a  total  of  400,000.  Deducting  this  amount  from 
2,000,000  tons  leaves  1,600,000  to  be  brought  from  foreign  sources 
paying  duty.  While  the  above  are  only  estimates  in  round  numbers, 
they  are  believed  to  be  substantially  correct. 

It  is  the  ambition  of  those  encoumging  the  sugar  industry  to  estab 
lish  factories  enough  at  least  to  supplant  this  foreign  supph^.  Making 
due  allowance  for  failure  of  factories  to  reach  in  actual  production  their 
full  capacity  under  ideal  conditions,  it  would  require  500  factories  hav- 
ing a  daily  capacity  of  500  tons  of  beets  to  produce  this  sugar.  There 
will  doubtless  be  an  increase  in  the  production  of  cane  sugar  in  the 
South  which  should  be  taken  into  account.  But  for  convenience  of 
calculation  it  is  here  assumed  that  the  increase  will  be  in  beet-sugar 
production  only.  To  equip  and  build  these  factories  will  require  an 
investment  of  ca,pital  of  $250,000,000.  This  vast  sum  of  money  must 
be  expended  in  this  country  for  building  materials  and  machinery,  and 
in  the  employment  of  the  labor  necessary  to  construct  and  equip  the 
factories.     The  annual  result  of  these  factories  will  be  as  follows: 

Annual  requirements  and  expenditures  of  600  beet-suffar  factories. 

Beets tons..     18,750,000 

Amount  paid  to  farmers  for  the  beets $84, 375, 000 

Coal tons..      3,187,500 

Amount  paid  to  coal  dealers $9, 562, 500 

Limestone tons. .       1, 875, 000 

Amount  paid  for  limestone $3, 750, 000 

Coke tons..  375,000 

Amount  paid  for  coke $3, 000, 000 

Amount  paid  for  labor  in  the  factories $19, 000, 000 

In  addition  to  the  above,  large  amounts  of  money  wUl  be  paid  for 
mill  supplies,  transportation,  etc.  As  a  working  capital  to  operate 
these  factories,  about  $135,000,000  will  be  required  for  the  campaign 
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of  four  months.  This  is  equivalent  to  the  employment  of  $45,000,000 
for  one  year.  We  should  remember  that  the  above  estimates  do  not 
include  the  capital  already  invested  in  the  business,  the  statement  of 
^which  is  as  follows: 

Present  development  of  the  heet-migar  induslry. 

Capital  inveflted  in  factories,  equipment,  and  grounds $30,000, 000 

Amount  of  beets  purchased  annually tons. .  1, 875, 000 

Cash  paid  for  beets  purchased  annually $8, 437, 600 

Coal  consumed  annually tons. .  318, 750 

Cash  paid  for  coal  annually $956, 250 

Limestone  purchased  annually tons. .  187, 500 

Cash  paid  for  limestone  annually $375, 000 

Coke  purchased  annually tons. .  37, 500 

C^h  paid  for  coke  annually $300, 000 

Cash  paid  for  labor  annually $1, 900, 000 

Operating  capital  employed  annually $5, 000, 000 

Also,  there  is  a  considerable  amount  annually  expended  for  various 
other  things,  such  as  crude  material,  etc.  It  hardly  seems  possible  that 
an  industry  which  affects  so  many  people  over  such  a  wide  scope  of 
country  can  fail  to  receive  anything  but  the  most  friendly,  careful,  and 
fostering  consideration  on  the  part  of  those  who  shape  industrial  affairs. 

Theimmensity  of  future  demands,  it  seems,  answers  pretty  effectually 
those  who  feel  that  the  industry  might  be  overdone.  Attention  should 
be  called  to  the  fact  that  not  only  are  present  demands  great,  but  the 
rate  of  increase  of  consumption  is  considerable. 

Five  yeare  ago  the  State  of  Michigan  was  making  the  preliminary 
inquiries  into  beet  growing  and  sugar  production,  and  all  the  sugar 
consumed  was  brought  into  the  State.  Four  years  ago  1  factory  was 
constructed,  the  following  year  9,  and  the  next  year  3.  (See  PL  II.) 
Four  are  now  in  the  course  of  construction  for  the  campaign  of  1902. 
In  1901  the  production  of  the  State  was  very  nearly  three-fourths  the 
entire  amount  of  sugar  consumed.  These  results  were  accomplished 
in  four  years. 

The  States  of  New  York,  Ohio,  Illinois,  Wisconsin,  Iowa,  and  Min- 
nesota compare  very  closely  in  natural  conditions  and  resources  to  the 
State  of  Michigan.  Some  of  them  have  natural  advantages  that  Mich- 
igan has  not.  In  these  States  the  sugar  industry  has  not  been  taken 
up  and  developed  as  rapidly  as  in  Michigan,  but  eventually  some  if 
not  all  of  them  will  be  equally  important  factors  in  the  production  of 
beet  sugar.  There  are  several  other  States  that  can  produce  beets 
of  sufficient  quantity,  quality,  and  purity.  Among  them  are  Penn- 
sylvania, North  and  South  Dakota,  and  Nebraska,  the  latter  having 
already  made  a  good  start.  All  the  States,  beginning  with  New  York 
in  the  East  and  ending  with  Nebraska  in  the  West,  grow  sugar  beets 
with  moisture  supplied  by  rainfall,  and  the  conditions  and  methods  of 
agriculture  are  very  much  alike  throughout. 
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For  the  future  development  of  the  sugar  industry  we  can  look  con- 
fidently  to  Colorado,  Wyoming,  Montana,  Idaho,  Utah,  Arizona,  and 
Nevada.  Beet  growing  under  irrigation  is  peculiarly  successful,  and 
may,  with  its  aid,  be  extended  south  into  Elansas  and  other  States  in 
this  latitude.  In  no  other  area  in  the  United  States  is  the  prospect 
for  future  growth  of  the  industry  better  than  in  the  mountain  States. 
Sugar  production  in  this  area  means  what  wheat  does  to  Kansas  and 
Minnesota,  what  corn  does  to  Iowa  and  Illinois,  what  cotton  does  to 
Mississippi,  Alabama,  and  other  States  of  the  South,  and  w^t  fruit 
culture  means  to  California.  The  arid  region  will  assume  agricultui'al 
prominence  largely  through  the  influence  of  beet-sugar  production  as 
surely  as  have  these  through  the  various  products  mentioned.  What- 
ever else  can  be  said  of  the  sugar  beet,  it  is  a  blessing  to  the  arid 
region. 

The  States  of  the  Pacific  slope  produce  their  agricultural  products 
both  by  rain  and  irrigation.  These  States  are  destined  to  assume 
prominent  positions  in  sugar  producing. 

The  tables  given  show  that  sugar  production  in  our  country,  unlike 
most  other  industries,  has  found  its  first  and  greatest  success  in  the 
West,  and  from  there  has  progressed  eastward.     It  is  preeminently  an 
agricultural  interest.     In  the  agricultural  group  it  is  destined  not  only 
to  stand  by  virtue  of  its  own  merits  and  strength,  but  to  lend  liberally 
of  its  own  resources  to  the  rest  of  the  group,  reenforcing  their  impor- 
tance.    It  brings  the  factory  and  farm  side  by  side.     It  brings  farm- 
ers, laborers,  and  capitalists  into  close  association  and  cooperation.     It 
places  supply  at  the  door  of  demand.     It  meets  the  logic  of  modern 
times  in  the  concentration  of  advantages  and  the  conservation  of  forces. 
It  eliminates  the  foreign  grower  as  a  factor  in  the  supply  of  our  daily 
wants,  our  business  methods,  and  the  emergencies  of  war. 

The  development  of  the  beet-sugar  industry  tends  to  prevent  the 
concentration  of  manufacturing  interests  in  some  sections  of  the  coun- 
try, and  of  agricultural  interests  in  othera.  It  conforms  to  an  ideal  | 
system,  and  simplifies  the  problems  of  our  social  and  economic  life. 
It  is  a  great  decentralizing  power.  It  can  not  be  compressed  into  any 
small  area.  The  factory  must  go  to  the  place  where  the  beets  are 
grown.  It  does  not  pay  to  ship  this  raw  material  any  considerable 
distance.  The  result  is  that  the  beet-sugar  factory  must  be  the  center 
of  a  certain  area,  and  there  must  be  many  of  these  centers  distributed 
generally  over  the  country. 

REVIEW  OF  FACTORY  OPERATIONS  FOR  1901. 
GENERAL  OB8BRVATIONB. 

Taking  the  United  States  as  a  whole  the  crop  conditions,  so  far 
as  sugar  beets  are  concerned,  were  quite  favorable.  Better  results  were 
obtained  through  the  whole  country  during  the  past  year  than  during 
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any  previous  year.  These  favorable  results  can  be  partially  attributed 
to  the  effect  of  experience,  both  in  the  factory  and  on  the  farm.  Both 
the  farmer  and  the  manufacturer  are  learning  how  to  combat  or  avert 
unfavorable  conditions.  The  farmer  is  learning  how  to  cope  with  pests, 
how  to  render  a  drought  least  injurious  to  his  crops,  how  and  when  to 
plant  and  irrigate.  The  germinating  period  of  the  sugar-beet  plant's  life 
is  the  time  of  greatest  danger.  Excessive  rain  or  irrigation  is  detri- 
mental, and  a  dry  condition  of  the  soil,  resulting  from  insufficient  irriga- 
tion or  rainfall  is  harmful.  The  baking  of  the  soil,  either  by  rainfall  or 
irrigation,  is  fraught  with  serious  consequences  when  the  young  plants 
strive  to  push  through  the  surface.  Methods  for  overcoming  this  con- 
dition are  better  understood  than  heretofore.  The  beet  plant  thrives 
on  so  many  different  kinds  of  soil  that  the  farmer  must  know  the 
methods  to  apply  to  the  different  ones.  As  the  sugar-beet  growing 
area  extends,  experience  and  information  are  acquired. 

Year  before  last  beet  diseases  were  prevalent  throughout  the  country. 
This  was  unfortunate  in  its  effects  on  the  crop  of  that  year,  but  it  was 
beneficial  in  adding  to  the  fund  of  experience  in  sugar  production. 
The  season  before  that  offered  obstacles  to  the  farmer  in  the  form  of 
insect  pests,  which  were  quite  prevalent.  For  three  seasons  previous 
to  1901  there  were  unprecedented  droughts.  On  the  Pacific  coast  sugar 
beets  yielded  from  one-fourth  to  three-fourths  of  a  crop,  southern 
California  suffering  the  most  in  this  respect.  Throughout  this  time  the 
drought  affected  the  whole  country  to  quite  an  extent.  Disease, 
insect  pests,  and  drought  are  the  main  obstacles  to  be  met  in  the  cultiva- 
tion of  beets.  Throughout  the  sugar-beet  growing  countries  of  Europe 
each  of  these  obstacles  has  been  encountered.  It  has  been  found 
that  droughts  frequently  offer  favorable  conditions  for  the  prevalence 
of  one  or  both  of  the  other  enemies.  By  long  experience  European 
growers  have  learned  how  to  deal  with  these  difficulties,  and  to  eliminate 
them  to  a  great  extent,  and  the  season  usually  closes  with  favorable 
results  in  sugar-beet  growing.  This  country  is  now  going  through 
the  same  process. 

That  defeat  can  be  turned  into  victory  finds  no  better  illustration 
than  in  the  experience  with  droughts  on  the  Pacific  coast.  There 
sugar-beet  growers  proceed  on  the  principle  that  the  rainfall  in  the 
winter  and  early  spring  will  be  sufficient  to  produce  a  crop  of  beets. 
The  soil  there  has  the  peculiar  quality  of  conserving  sufficient  moisture 
to  develop  the  crop.  It  is  believed  that  natural  subirrigation  of  the 
soil  takes  place  in  the  underground  drainage  of  moisture  from  the 
mountains  to  the  sea;  that  the  accumulations  of  water  and  snow  in  the 
mountains  are  gradually  let  down  by  seepage  during  the  summer,  and 
by  capillary  attraction  brought  to  the  surface  in  sufficient  quantity 
to  supply  the  growing  crop  during  the  season.  This  is  undoubtedly 
true  for  the  normal  year.     When  the  rain  and  snow  in  the  mountains 
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fall  short  in  the  winter  drought  follows.  The  soil  is  not  sufficiently 
saturated  by  direct  rainfall  in  the  winter,  noi'  is  the  natural  subirriga- 
tion  sufficient  during  the  growing  season.  Under  such  conditions  poor 
crops  are  obtained.  This  is  the  explanation  of  the  three-year  drought 
referred  to,  and  the  experience  taught  the  sugar-beet  growers  a  lesson. 
Necessity  is  the  mother  of  invention.  They  discovered  that  irrigation 
must  be  introduced  to  supplement  rainfall.  Advantage  is  now  being 
taken  of  many  natural  facilities  for  irrigating  lands,  and  there  is  con- 
stantly more  land  coming  into  use  in  growing  sugar  beets  by  irriga- 
tion. In  many  parts  of  California  it  is  found  that  deep  wells  can  be 
sunk,  affording  a  bountiful  supply  of  artesian  water,  and  many  of  these 
are  flowing  wells.  This  means  of  securing  water  supply  is  in  vogue 
around  the  Los  Alamitos  and  Chino  factories,  in  the  vicinity  of  Pasa- 
dena and  Los  Angeles,  and  in  many  other  sections  of  southern  Cali- 
fornia. Experience  with  droughts  started  these  people  to  seeking 
water,  and  the  success  of  some  induced  others  to  try  the  experiment, 
so  that,  in  the  end,  these  droughts  must  be  regarded  as  a  most  favora- 
ble circumstance.  Most  of  the  projects  for  sugar-beet  factories  now 
contemplated  in  coast  sections  have  in  view  sugar-beet  growing  by 
irrigation. 

In  reviewing  the  operations  of  the  various  factories  during  the  past 
campaign,  I  have  begun  with  the  Pacific  coast  States  and  movod 
eastward. 

CALIFORNIA. 

The  results  in  California  during  the  year  1901  were  good.  Most  of 
the  factories  report  favorably  in  regard  to  the  sugar-beet  crop.  The 
sugar  beets  grown  in  California  are  always  so  high  in  quality  and 
purity  that  their  yield  of  sugar  goes  a  long  way  toward  making  up 
for  the  low  tonnage  of  beets  in  an  unfavorable  year.  But  the  past  year 
the  tonnage  has  also  been  good. 

An  idea  can  be  formed  of  California's  importance  in  the  sugar 
industry  by  noting  the  fact  that  she  is  able  to  provide  sugar  enougb 
to  supply  about  seven-eighths  of  the  consumption  of  all  the  Pacific 
coast  States,  which  is  about  165,000,000  pounds.  In  this  State  there 
are  many  projects  under  consideration  for  further  extending  this 
important  industry  within  its  borders.  It  is  quite  probable  that  in 
the  near  future  she  will  be  doubling  her  present  output. 

This  State  has  now  eight  factories,  which  will  be  discussed  in  regular 
order  under  the  names  of  the  towns  in  which  the  factories  are  located. 

Alvarado. — ^The  Alameda  Sugar  Company  ia  operating  a  factory  at 
thfs  place  with  a  daily  capacity  of  700  tons  of  beets.  This  capacity 
would  enable  the  factory  to  work  70,000  tons  of  beets  annually  and 
produce  under  average  conditions  7,000  tons  of  sugar.  It  began 
operations  August  19  and  closed  December  24,  working  a  campaign 
of  one  hundred  and   twenty-eight  days.     The  crop  conditions  were 
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favorable  throughout  its  fanning  district.  The  factory  had  what  is 
probably  its  most  successful  campaign,  having  secured  beets  sufficient 
and  manufactured  sugar  therefrom  almost  to  its  nominal  capacity. 

Bettebavia. — The  Union  Sugar  Company  is  operating  a  factory  at 
this  place  of  500  tons  daily  capacity.  It  began  its  campaign  Septem- 
ber 3  and  closed  December  19,  being  in  operation  one  hundred  and  seven 
days.  The  crop  conditions  for  the  year  were  favorable.  Its  capacity 
^would  enable  this  factory  to  work  about  50,000  tons  of  beets,  produc- 
ing therefrom  about  5,000  tons  of  sugar.  Though  the  results  of  its 
campaign  are  looked  upon  as  quite  favorable,  the  factory  did  not 
nearly  reach  the  limit  of  its  capacity. 

Chino. — The  American  Beet-Sugar  Company  is  operating  a  factory 
at  this  place  of  1,000  tons  daily  capacity,  which  under  ideal  conditions 
should  work  up  100,000  tons  of  beets,  producing  therefrom  about 
10,000  tons  of  sugar.  It  began  its  campaign  July  25,  closing  September 
6,  being  forty-two  days  in  operation.  The  company  operating  the  Chino 
factory  has  another  in  operation  at  Oxnard  having  double  its  capacity. 
The  Chino  concern  did  not  finish  working  its  supply  of  beets,  but, 
after  a  short  campaign,  sent  the  rest  of  the  beets  to  Oxnard  and  they 
were  worked  up  in  that  factory  with  its  own  supply.  The  crop  condi- 
tions throughout  the  past  year  were  below  the  avei-age.  I  understand 
that  through  some  defect  or  breakage  in  the  machinery  it  was  con- 
sidered best  to  close  down  the  Chino  factory  and  finish  the  work  at 
the  Oxnard. 

During  the  past  year  the  factory  concluded  to  facilitate  the  delivery 
of  beets  to  the  factory  by  placing  at  various  points  in  its  agricultural 
district,  along  the  lines  of  railroads,  beet  dumps  for  loading  cars  by  the 
farmers  from  wagons.  This  saves  the  farmer's  time,  making  it  possi- 
ble for  him  to  dispose  of  his  crop  quickly,  and  the  beets  are  delivered 
to  the  factory  in  train  loads. 

Cbockett. — ^The  California  Beet  and  Hawaiian  Sugar  and  Refining 
Company  is  operating  a  beet-sugar  factory  here  of  1,200  tons  daily 
capacity.  This  concern  combines  the  two  functions  of  refining  raw 
Hawaiian  sugar  and  manufacturing  refined  granulated  sugar  from  beets. 
It  is  unique  in  this  respect.  As  a  refiner  it  is  able  to  operate  the  year 
round.  It  occurs  to  most  persons  unacquainted  with  the  manufacture 
of  beet  sugar  that  it  is  expensive  to  put  so  much  money  in  a  beet- 
sugar  plant  and  have  it  idle  three-fourths  of  the  year;  and  the 
question  has  frequently  been  asked:  "  Why  not  combine  with  the  man- 
ufacture of  beet  sugar  some  other  industry,  by  means  of  which  the 
machinery  can  be  used  during  the  balance  of  the  year?"  The  Crockett 
factory  is  working  on  this  idea,  and,  if  successful,  it  is  to  be  presumed 
that  other  sugar  factories  will  adopt  some  similar  plan. 

The  crop  conditions  were  quite  unfavorable  in  this  locality  during 
the  past  year,  with  the  result  that  the  factory  was  not  able  to  make  a 
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showing  of  over  one-third  of  what  it  could  accomplish  under  more 
favorable  circumstances.  It  began  operations  August  15  and  clo^ 
November  10.  When  this  factory  shall  work  up  to  its  capacity  it  will 
be  an  important  factor  in  sugar  production  on  the  coast,  as  it  will  then 
use  about  120,000  tons  of  beets  annually,  and  produce  therefrom  about 
12,000  tons  of  refined  granulated  sugar. 

Lios  Alamitos. — The  Los  Alamitos  Sugar  Company  is  operating  a 
factory  here  with  a  capacity  of  700  tons,  which  during  an  ordinarT 
campaign  would  work  about  70,000  tons  of  beets.  It  fell  short  of  tfiis 
about  14,000  tons  during  the  past  year.  The  crop  conditions  were 
much  better  in  this  district  during  the  past  year  than  in  any  other 
during  its  history.  Through  irrigation,  by  means  of  artesian  welK 
nioiv  certain  and  satisfactory  crop  conditions  have  been  secured.  The 
beets  grown  averaged  in  sugar  content  17.5  per  cent,  which  is  a  very 
higli  figure.  The  fa^*tory  began  operations  July  20  and  closed  Novem- 
lH>r  20.  Some  of  the  best  beets  grown  for  the  factory  were  as  high  in 
sugar  content  as  25  per  cent,  with  a  coeflicient  of  purity  of  93  per  cent 

The  fac*tory  itself  is  ideal  in  design,  and  is  destined  to  be  a  model 
sugar-prtxlucing  enterprise.  A  comparison  of  the  results  of  all  the 
factories  during  the  past  year  shows  that  only  two  other  factories? 
sui*coeded  in  .working  beets  with  a  lower  expense  for  labor  per  ton 
worked. 

OxNARD. — The  American  Beet  Sugar  Company  Ls  operating  a  fac- 
tory (PI.  Ill)  at  this  place  of  2,000  tons  daily  capacity.  It  began 
oiHM-^itions  July  11  and  closed  November  10.  It  is  the  second  l&rg^si 
factory  in  tlie  United  States.  It  had  a  good  supply  of  beets,  which 
avonii^xl  lt>.i)  jx^r  cent  m  sugar  and  81.8  in  coefficient  of  purity.  It 
has  taken  ad\*antage  of  the  facilities  for  feeding  pulp  by  putting  in 
lai*gi*  fiHHiing  jx^ns,  and  is  feeding  stock  with  that  by-product.  The 
c!\>p  t*i>nditionv^  were  favorable  and  the  factory  had  one  of  its  mo^ 
onoiumiirinsX  voars. 

Salinas. — The  Sprei^kels  Sugar  Company  is  operating  a  factory  here 
of  o*iHH>  tons  daily  capju^ty.     This  is  the  largest  beet-sugar  producing 
ontorpriso  in  the  United  States,  and  one  of  the  lari^est  in  the  workL 
It  IvsTiu  ojvnition  July  11  and  closed  November  10.     Under  ideal 
iNMulitions,  it  should  work  about  300,000  tons  of  beets.     The  crop  con- 
dition.'^ won^  fairly  gixxi  in  the  beet-growing  districts  surrounding  this 
factory*  but  the  supply  did  not  reai^h  this  figure.     It  is  not  improha- 
bK\  hv^wevor.  that  in  the  near  future  under  favorable  conditions  this 
factory  will  U^  able  to  reach  the  limit  of  its  capacity.     It  requires 
time  and  otfort  to  work  the  farming  element  up  to  the  point  of  fur- 
nish in^j  such  a  large  supply.     As  the  farmers  realize  the  full  benefits, 
diiwt  and  indinvt,  and  learn  to  accomplish  the  work  more  cheaply  and 
with  loss  otfort,  what  has  hitherto  been  considered  a  task  will  beconic 
tho  luitural  orvliuary  enterprise  of  the  vaiiej. 
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TVatsonville. — The  Spreckels  Sugar  (Company  has  a  factory  here 
of  1,000  tons  capacity.  The  season  was  fairly  good  and  an  average 
crop  of  beets  was  produced  by  the  farmers  in  the  vicinity.  This  fac- 
tory is  owned  and  operated  by  the  same  company  as  is  the  one  at  Salinas. 
In  order  to  give  that  factory  more  nearly  its  capacity  of  beets,  those 
raided  for  Watsonville  were  shipped  to  Salinas  to  be  worked. 

The  Spreckels  Company  utilizes  the  sugar-beet  pulp  for  feeding 
purjwses.  It  has,  during  the  past  season,  fed  over  600  cows  on  this 
pulp  with  very  satisfactory  results.  In  this  connection  it  may  be  stated 
that  experiments  have  been  made  in  some  of  the  factories  in  express- 
ing all  the  water  out  of  the  pulp,  thus  making  its  transportation  at  a 
low  cost  possible,  a  fact  which  will  greatly  aid  in  making  of  this 
by-product  a  regular  article  of  commerce. 

OBBGON. 

LiAORANDE. — ^The  Oregon  Sugar  Company  is  operating  a  factory  here 
of  350  tons.  It  began  operation  September  22  and  closed  November 
7,  having  a  campaign  of  66  days.  The  crop  conditions  were  only  fair. 
This  factory  began  operations  originally  by  growing  its  beets  in  a  vallej' 
near  the  factory,  but,  after  an  experience  of  two  years,  found  that 
much  better  beets  could  be  produced  in  another  locality  at  some  dis 
tance  from  the  factory;  as  a  result  most  of  the  beets  are  produced  10 
to  20  miles  distant,  and  are  shipped  in  carload  lots. 

This  case  furnishes  a  striking  illustration  of  the  necessity  of  a  care- 
ful soil  survey  of  the  neighboring  region  before  undertaking  the 
establishment  in  any  locality,  of  a  beet-sugar  factory.  At  the  same 
time,  the  fact  that  some  railroads  have  made  a  rate  for  sugar  beets  of 
50  cents  per  ton  for  50  miles  or  less  will  be  a  great  help  where  the 
beets  have  to  be  carried  some  distance. 

The  factory  has  had  considerable  difficulty  in  getting  the  farmers 
interested  in  the  crop.  With  a  good  deal  of  effort  it  has  been  able  to 
secure  about  one-half  enough  beets  to  meet  its  requirement  for  an 
ordinary  campaign.  The  beet  crop  started  last  spring  under  very 
favorable  circumstances,  but  a  late  frost  came  on  June  4  and  did  much 
damage  to  most  farm  crops,  and  seriously  injured  the  beet  crop,  cut- 
ting it  down  about  one-half.  The  factory  itself  planted  about  1,000 
acres  to  beets,  which  were  raised  under  its  own  supervision.  It  finally 
harvested  about  600  acres,  yielding  4,800  tons.  I  visited  this  section 
in  October,  and  talked  with  some  of  the  local  farmers.  They  had  done 
exceedingly  well  with  beets,  which  was  especially  gratifying,  since 
their  other  crops  were  poor.  One  of  them  had  80  acres  of  beets  from 
which  he  secured  about  16i  tons  per  acre,  and  for  which  he  received 
$4.50  per  ton,  or  $73.12  per  acre,  netting  him  over  the  cost  of  produc- 
tion about  $40  per  acre.  Farmers  who  deliver  beets  to  the  cars  get  $4 
per  ton. 
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WASHINGTON. 


Waverly. — ^The  Washington  State  Sugar  Company  is  operating  a 
factory  here  of  350  tons  daily  capacity.  Like  the  factory  in  Oregon, 
this  one  has  had  to  struggle  along,  contending  with  obstacles,  but  each 
year  sees  considerable  improvement,  and  the  future  foi*  the  enterprise 
is  very  much  clearer.  The  crop  conditions  were  only  fair  in  the  State 
during  the  past  year.  The  farmers  did  not  produce  nearly  enoogfa 
beets  for  the  capacity  of  the  factory. 

The  factory  began  operations  October  1  and  closed  November  20. 
The  price  paid  for  beets  was  $5.25  a  ton,  and  it  cost  about  $31  an 
acre  to  raise  them.  The  farmers  are  beginning  to  see  the  advLsabilitr 
of  feeding  pulp.  In  fact,  all  the  obstacles  are  being  gradually  raet 
The  average  sugar  content  and  purity  were  very  high  this  year,  being 
17  and  85  respectively^ 

UTAH. 

The  sugar  industry  has  found  specially  favorable  conditions  in  the 
State  of  Utah.     There  are  conditions  in  Utah  that  do  not  obtain  in 
any  of  the  other  States.     The  people  of  Utah  were  educated  from  the 
beginning  to  produce  whatever  they  might  need.     This  grew  out  of 
the  peculiar  history  of  the  people  who  settled  the  country.     About 
fifty  years  ago  a  commission  was  sent  from  the  Territory  to  Europe  to 
secure  a  beet-sugar  factory.     Considering  the  times,   facilities  for 
transportation,  and  the  limited  resources  of  those  people,  the  effort 
was  remarkable.     This  commission  succeeded  in  sei^uring  a  beet-sugar 
factory,  and  brought  it  back  to  this  country.     At  that  time  they 
could  bring  it  by   rail  only  to  the  Missouri  River.     Strongly  bui/t 
wagons  were  specially  constructed  for  conveying  it  the  rest  of  the 
way  over  the  mountains  to  Salt  Lake  City.     Oxen  were  purchased, 
and  a  caravan  started  hauling  this  beet-sugar  machinery.     They  were 
finally  overcome  by  the  snows  and  storms  of  winter  in  the  Rocky 
Mountains.     Most  of  the  oxen  died,  and  the  people  conducting  the 
train  made  their  way  to  Salt  Lake  City.     In  the  spring  a  new  outfit 
of  men  and  oxen  started  out  to  recover  the  machinery  and  bring  it  to 
Salt  Lake  Cit}',  and  this  was  finally  accomplished.     It  appears  that 
the  energies  of  the  people  were  exhausted  by  this  tremendous  effort, 
and  the  beet-sugar  machinery  was  never  installed  or  put  to  a  practical 
test. 

Agriculture  in  Utah  progressed  with  the  evolution  of  irrigation. 
Thirteen  years  ago  a  beet-sugar  factory  was  established  at  Jjehi.  It 
had  back  of  it  the  industry  and  energy  of  this  class  of  people.  It  was 
bound  to  succeed.  In  the  pioneer  work  of  this  factory  it  had  many 
things  to  overcome.  The  agriculture  of  the  district  had  absolutely 
nothing  to  guide  it  in  the  application  of  irrigation  to  sugar-beet  cul- 
ture.    Whatever  is  known  to-day  on  that  subject  has  been  mostly 
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derived  from  the  experience  of  the  factory  at  Lehi,  Utah.  At  first  the 
tonnag'e,  sugar  content,  and  purity  of  the  beets  were  low.  The  obsta- 
cles have  been  gradually  overcome,  and  to-day  this  factory  produces 
sugar  at  the  lowest  cost  of  any  in  the  United  States.  It  has  introduced 
a  feature  that  is  unique  in  sugar  production  in  our  country.  When  it 
started,  this  factory  had  a  daily  capacity  of  350  tons  of  beets.  It  was 
found  that  the  railroads  were  inadequate  to  furnish  beets  sufficient  to 
keep  the  factory  going  if  the  capacity  should  be  increased,  inasmuch 
as  at  this  time  they  were  busy  handling  other  products.  The  manager, 
Mr.  Cutler,  conceived  the  idea  of  establishing  in  different  directions 
from  the  factory  slicing  stations.  These  slicing  stations  perform  only 
a  part  of  the  work  of  a  regular  factory.  They  slice  the  beets  and  run 
the  cossettes  through  the  diffusion  batteries,  extracting  the  juice,  which 
is  linoied  and  sent  to  the  main  factory  at  Lehi.  In  order  to  do  this  the 
main  factory  had  to  be  increased  in  capacity  sufficiently  to  extract  the 
sugar  from  this  juice. 

There  are  three  slicing  stations,  one  each  at  Springville,  Provo,  and 
Bingham  Canyon.     Each  has  a  capacity  for  slicing  350  tons  of  beets 
daily.     Those  at  Springville  and  Provo  work  alternately,  using  the 
same  set  of  hands.     The  central  factory  at  Lehi  has  itself  a  capacity 
for  slicing  350  tons  of  beets.     This  requires  that  the  main  factory  at 
Lehi  have  a  capacity  for  working  the  juice  from  1,050  to  1,100  tons  of 
beets  daily.     These  slicing  stations  are  from  12  to  20  miles  from  the 
main  factory,  and  each  station  works  the  beets  secured  in  its  imme- 
diate vicinity.     The  factory  is  no  longer  dependent  on  any  congested 
condition  of  railway  traffic,  since  the  juice  is  delivered  through  these 
pipe  lines  instead  of  by  railroad.     There  is  ever}"^  indication  that  this 
system  is  a  success,  and  the  future  may  see  it  adopted  in  many  other 
localities  where  the  conditions  require  it.     It  is  a  system  which  can  be 
used  in  almost  any  section  of  the  country,  if  the  main  factory  can  be 
established  at  a  point  having  desirable  railroad  facilities,  cheap  fuel, 
good  water,  and  other  suitable  conditions.     These  pipe  lines  can  be 
run  out  to  other  localities  having  facilities  for  growing  good  sugar 
beets,  and  these  localities  will  enjoy  all  the  advantages  of  a  main  fac- 
tory, the  farmer  being  able  to  deliver  his  beets  with  a  short  haul,  and 
secure  his  pulp. 

Utah  not  only  possesses  advantages  in  her  well-established  irrigation 
system,  but  also  has  many  other  natural  facilities.  While  it  does  not 
possess  enough  rainfall  to  grow  a  crop  of  sugar  beets,  it  does  secure 
sufficient  rainfall  in  the  spring  to  germinate  the  seed  and  start  the 
plants.  After  that  the  crop  is  produced  by  irrigation.  At  many 
points  good  pure  water  for  factory  use  can  be  secured  from  streams 
fed  by  melting  snows  in  the  mountains.  These  streams  also  afford 
water  power  for  running  electric-power  plants  which  can  be  utilized 
to  great  advantage  in  sugar  factories. 
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In  the  irrigated  sections  it  has  been  found  that  the  resources  of  the 
soil  can  be  very  much  enhanced  by  artificial  fertilization.  As  these 
sections  grow  older  the  necessity  for  this  will  be  more  apparent.  The 
following  statements  are  given  on  the  authority  of  Thomas  R,  Cutler, 
president  of  the  Utah  Sugar  Company,  of  Lehi:  It  has  been  recently 
discovered  that  in  Salt  Lake  there  are  two  islands  affording  an  abiiii> 
dance  of  guano.  These  islands  are  the  rookeries  of  different  species  of 
birds.  The  first  is  called  Hat  Island,  more  or  less  round  in  outline, 
and  having  a  diameter  of  about  H  miles.  This  is  the  home  of  the  pel- 
icans of  that  region,  where  they  go  to  breed  and  rear  their  young,  depos- 
iting guano,  which  affords  resources  for  fertilizing  the  lands.  It  is 
estimated  that  there  are  about  75,000  tons  of  guano  on  this  island. 
These  birds  feed  upon  fish,  and  the  guano  is  very  rich  in  plant  food. 
The  other  island  is  called  Gunnison,  and  is  the  home  of  the  gulls. 
Its  dimensions  are  about  3i  by  Si  miles.  It  has  been  found  that  the 
animal  life  in  the  Great  Salt  Lake  is  very  limited,  but  there  is  a  species 
of  small  shrimp  that  is  quite  numerous,  and  on  these  the  gulls  feed.  The 
action  of  the  waves  has  thrown  upon  this  island  for  centuries  thousands 
of  tons  of  these  small  animals,  which  leave  a  deposit  rich  in  fertilizer. 
It  is  estimated  there  are  on  this  island  in  the  neighborhood  of  285,000 
tons  of  guano  and  shrimp  fertilizer  which,  is  worth  (55  a  ton. 

Lehi. — ^The  Utah  Sugar  Company  is  operating  a  factory  here  having 
a  slicing  capacity  of  350  tons,  and  a  capacity  for  working  juice  from 
1,100  tons  of  beets  daily,  which  includes  the  juice  from  its  slicing 
stations.  It  began  operations  September  25  and  closed  December  16. 
Conditions  for  sugar-beet  growing  throughout  its  agricultural  region 
were  quite  good  during  the  past  year.  At  Springville  about  1,000 
acres  of  beets  were  harvested.  This  district  secured  an  average  ton- 
nage of  16,  with  an  avei^ge  sugar  content  of  16  per  cent  and  a  purity 
of  84,  a  very  remarkable  showing  for  a  district  having  such  a  lai^ 
acreage  under  cultivation.  It  takes  about  sixteen  to  twenty-four  hours 
for  the  juice  from  these  different  stations  to  reach  the  main  factory 
through  the  pipe  lines.  The  fresh  pulp  from  the  factory  is  .sold  to  the 
consumers  at  40  cents  per  ton,  allovring  2,500  pounds  per  ton,  or  2,000 
pounds  if  the  pulp  is  pressed  or  allowed  to  stand  any  considerable  length 
of  time.  Dairying  has  developed  to  a  considerable  extent  under  the 
influence  of  this  factory. 

Ogden. — ^The  Ogden  Sugar  Company  is  operating  a  factory  at  this 
place  of  350  tons  capacity.  This  factory  has  been  gradually  overcom- 
ing the  obstacles  in  its  way,  and  during  its  last  campaign  succeeded  in 
making  a  very  favorable  showing.  The  crop  conditions  in  the  early 
part  of  the  season  were  quite  unf avoidable,  but  the  results  at  the  close 
were  satisfactory.  In  this  section  alfalfa,  potatoes,  tomatoes,  wheat, 
barley,  oats,  and  rye  are  grown  and  rotated  with  sugar  beets.  Ogd^ 
is  quite  a  center  for  the  production  and  canning,  of  tomatoes  and  the 


PROGBESS   OP  THE   BEET-SUGAB   INDU8TBY.  55 

production  of  potatoes.  The  tomato  season  comes  about  the  time  of 
the  sugar  campaign,  and  interferes  to  some  extent  in  securing  laborers 
and  the  delivery  of  beets  in  the  early  stages  of  the  campaign.  During 
the  harvest  of  last  fall  I  secured  from  a  sugar-beet  grower  of  this 
section  the  following  table  on  the  cost  of  production: 

CoU  per  acre  of  ffrtnomg,  karvetting,  and  delivering  a  crop  of  sugar  beets. 

Rent $10.00 

Preparing  seed  bed 1. 26 

Planting 2.20 

Bunching  and  thinning 2. 60 

Galti  vating 76 

Harvesting  and  delivering  to  the  factory  at  a  distance  of  6  to  6  miles,  based 
on  12  tons  per  acre,  at  $1.26  per  ton 16. 00 

Total 32.70 

This  factory  under  its  contract  must  sell  to  the  farmers  50  per  cent 
of  the  pulp  at  50  cents  per  ton.  The  rest  of  it  is  sold  to  a  feed  com- 
pany under  contract  for  20  cents  per  ton.  The  factory  pays  $4.50  flat 
per  ton  of  beets,  except  for  beets  delivered  by  cars  from  a  distance,  in 
which  case  the  farmers  pay  12J  cents  per  ton  on  the  freight.  Con- 
siderable feeding  is  done  at  this  place.  It  is  also  quite  a  dairying 
district.     All  of  the  pulp  is  very  readily  sold  at  the  above  price. 

The  beets  during  the  campaign  run  about  13  per  cent  sugar  and  80  per 
cent  purity.  The  factory  began  operations  September  14  and  closed 
January  9.  Crop  conditions  were  fair.  In  growing  sugar  beets  most 
of  the  farmers  in  this  district  practice  subsoiling.  They  do  not  use  the 
hoe  to  any  considerable  extent  except  at  the  time  of  ])unching. 

LfOGAN. — The  Logan  Sugar  Company  is  operating  a  factory  at  this 
place  having  a  capacity  of  400  tons.  It  began  operations  November  9 
and  completed  its  first  campaign  January  23.  The  crop  conditions  were 
fair.  The  factory  had  a  very  good  season.  The  beets  showed  aver- 
ages as  follows:  Sugar  content,  13.8  per  cent;  purit}'  coefficient,  82. 
The  farmers  rotate  grain  and  alfalfa  with  sugar  beets.  There  is  also 
considei'able  interest  in  dairying. 

COIiORADO. 

I 

The  State  of  Colorado  has  developed  considerable  interest  in  beet- 
sugar  production..  All  beets  grown  in  Colorado  are  produced  by 
irrigation.  Three  of  the  factories  in  operation  are  demonstrating  the 
adaptability  of  the  industry  to  the  agricultural  conditions  of  the  State. 
There  are  many  other  places  where  it  can  be  introduced.  Companies 
are  organized  for  putting  in  factories  at  Greeley,  Eaton,  Longmont,  and 
Lamar.  There  are  quite  a  number  of  other  enterprises  in  various 
stages  of  consummation. 

Grand  Jxtkotion. — ^The  Colorado  Sugar  Manufacturing  Company  is 
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operating  a  factory  here  of  350  tons.  This  was  the  first  factory  con- 
structed in  (Colorado  and  operated  its  third  campaign  last  year.  The 
locality  is  very  mach  interested  in  fruit  production.  There  has  been 
quite  an  apathy  on  the  part  of  the  farmers  in  taking  up  with  beet- 
sugar  production,  also  an  inclination  to  put  their  best  lands,  and  those 
that  have  been  under  cultivation,  into  fruit  trees.  There  has  been  too 
much  of  a  tendency  to  grow  sugar  beets  on  new  lands,  in  fact  to  open 
up  these  lands  with  the  cultivation  of  this  crop.  As  a  natural  conse- 
quence sugar-beet  growing  has  not  been  a  success,  nor  has  the  factory. 
These  lands  are  very  hard  to  reclaim,  but  respond  well  after  having 
been  under  cultivation  for  some  time.  Sugar  beets  have  never  had  a 
fair  test.  The  probabilities  are  that  the  progress  of  the  factory  will 
be  slow,  but  whenever  it  is  given  a  fair  chance  by  the  farmers  there 
is  no  reason  why  it  should  not  succeed. 

Rocky  Ford. — ^The  American  Beet  Sugar  Company  is  operating  a 
factory  here  of  1,000  tons  daily  capacity.  The  water  for  irrigation  is 
secured  through  ditches  from  the  Arkansas  River.  This  factory  and 
the  sugar-beet  crop  have  been  a  success  from  the  start  It  is  a  locality 
which  produces  melons  and  alfalfa,  and  to  some  extent  small  grain. 
These  crops  they  are  rotating  with  sugar  beets.  The  beets  show  a 
high  content  of  sugar  and  purity.  The  factory  operated  its  second 
campaign  last  year,  beginning  October  2  and  closing  January  18.  The 
crop  conditions  were  fair.  The  results  of  its  last  two  seasons  indicate 
that  the  factory  will  be  successful. 

Sugar  City. — ^The  National  Sugar  Manufacturing  Company  is  oper- 
ating a  factory  (PI.  IV,  fig.  1)  here  of  500  tons  capacity.  It  began 
operations  October  6  and  closed  December  20.  The  crop  conditions 
were  fair.  This  factory  represents  the  typical  results  of  establishing 
a  sugar  factory  in  the  arid  region.  It  was  built  out  on  the  i-aw  plain 
that  had  never  produced  any  crop  except  a  little  grazing.  It  has  now 
operated  two  years,  and  made  a  success  with  the  beets  grown  on  these 
new  lands.  The  company  owns  about  12,000  acres.  It  is  interested 
in  a  water  reservoir  near  Leadville,  known  as  Twin  Lakes.  These 
lakes  are  over  200  miles  from  the  lands  which  they  irrigate.  Under 
the  laws  of  Colorado  the  water  in  these  lakes  is  measured  by  the  State 
irrigation  engineer  and  turned  into  the  Arkansas  River,  and  the  com- 
pany is  allowed  to  take  out  of  the  same  river,  near  the  factory,  the 
amount  of  water  turned  in  from  the  lakes,  less  5  per  cent  deducted  for 
evaporation.  The  farming  district  produces  beets  of  high  quality  and 
purity,  and,  as  the  land  is  gradually  improving  by  cultivation,  they 
are  securing  a  good  tonnage.  Along  with  sugar  beets  they  are  intro- 
ducing other  crops  incident  to  the  agriculture  of  that  section,  and  will 
gradually  introduce  dairying  and  stock  feeding.  Where  three  years 
ago  existed  nothing  but  a  wild  plain,  to-day  can  be  found  this  large 
sugar  factory,  cultivated  lands  growing  all  kinds  of  crops,  and  a  town 
of  1,500  inhabitants. 


Fig.  2.— Factorv  at  Marine  Citv,  Mich. 
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LiOVELAND. — ^The  Western  Construction  Company  is  operating  a  plant 
here  of  1,000  tons  daily  capacity.     It  opened  its  campaign  October  28, 
and  closed  March  5.     The  crop  conditions  were  good.     This  factory  is 
located  in  one  of  the  oldest  and  best  agricultural  sections  of  the  State. 
The  principal  agricultural  interests  are  sheep  and  cattle  feeding,  and 
raising  potatoes,  alfalfa,  and  small  grain.     The  locality  has  a  good 
farming  population.     Most  of  the  land  growing  sugar  beets  was  sub- 
soiled  the  first  year.    The  average  tonnage,  sugar  content,  and  purity 
of  the  beets  were  very  high.     This  factory  went  through  its  first  cam- 
piaigi:!  last  year.     It  made  the  best  success  of  any  factory  up  to  this 
time  for  its  first  year's  experience.     The  estimates  for  cost  of  growing 
sugar  beets  the  fii*st  year  under  irrigation  were  from  ^40  to  $45  per 
acre.     Considering  its  feeding  interests  already  established  with  the 
facilities  for  feeding  alfalfa  and  grain,  it  is  very  likely  that  this  factory 
will  be  able  to  dispose  of  its  pulp  at  a  fair  price  from  the  beginning. 

NBBRASKA. 

Nebraska  was  one  of  the  first  States  to  go  into  the  sugar  manufac- 
ture. It  has  a  loose,  sandy  loam  soil,  and  under  favorable  rain  condi- 
tions succeeds  very  well  in  the  production  of  sugar  beets.  The  cost 
of  production  of  beets  is  probably  lower  in  this  State  than  in  most 
others  now  growing  them,  on  account  of  the  ease  with  which  the  soil 
can  be  worked  and  kept  in  good  condition. 

Gband  Island. — The  American  Beet  Sugar  Company  is  opeititing 
a  factory  at  this  place  of  350  tons  daily  capacity.  Year  l)efore  last 
the  beet  growers  around  this  factory  were  considerably  discouraged  by 
the  appearance  of  diseases  peculiar  to  the  beet  crop.  Considerable  loss 
was  sustained  thereby.  During  the  past  year  these  diseases  were  not 
serious  in  the  locality,  and  the  farmers  produced  a  fairly  good  crop. 
The  company  operating  this  factory  also  has  one  at  Norfolk,  Nebr. 
The  factory  at  Grand  Island  was  not  operated,  and  the  beets  produced 
there  were  shipped  to  Norfolk. 

Norfolk. — ^The  American  Beet  Sugar  Company  is  operating  a  fac- 
tory here  of  360  tons.  The  beets  i-aised  in  this  locality  year  before 
last  also  suffered  seriously  from  beet  diseases.  While  these  diseases 
did  not  recur  the  past  year  to  any  considerable  extent,  the  crop  condi- 
tions were  quite  poor.  The  beets  for  the  factory,  however,  came  from 
Grand  Island  as  well  as  from  its  own  farming  district,  and  they  had 
a  very  good  campaign,  beginning  October  7  and  closing  January  2. 

These  two  factories  of  the  American  Beet  Sugar  Company  have  been 
in  operation  about  ten  years.  They  have  had  agre^t  many  drawbacks 
in  that  time,  caused  by  droughts,  beet  diseases,  and  disinclination  of  the 
farmers  to  cooperate  with  them,  but  they  are  gradually  overcoming 
these  difSculties,  and  will  probably  work  in  the  future  under  more 
favorable  conditions.     The  factory  at  Norfolk  is  run  by  working  two 
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sets  of  hands  in  shifts  of  twelve  hours,  thus  using  twenty-four  hours 
per  day,  the  laborers  receiving  from  15  to  19  cents  per  hour. 

Leavitt. — The  Standard  Beet  Sugar  Company  is  operating  a  factory 
here  of  500  tons  daily  capacity.  Most  of  the  beets  are  grown  on  the 
farms  of  the  Standard  Cattle  Company.  This  is  one  of  the  largest 
feeding  concerns  in  the  United  States.  At  present  it  is  feeding  about 
35,000  head  of  lambs  and  4,000  head  of  cattle.  The  feeding  oompaoj 
experimented  with  pulp  to  discover  its  desirability  in  fattening  sheep 
and  cattle.  As  a  result  it  promoted  the  organization  of  the  beet-sugar 
company,  many  of  those  interested  in  the  cattle  company  taking  stock 
in  the  sugar  company,  the  prime  object  being  to  secure  the  pulp  for 
the  stock-feeding  enterprise.  The  pulp  question  was  settled  with  tiiis 
factory  in  its  inception.  The  combination  of  these  two  enterprises  is 
very  favorable  to  both. 

The  factory  operated  its  second  campaign  last  year  beginning  Sep- 
tember 21  and  closing  December  7.  The  lands  upon  which  the  beets 
are  grown  are  of  heavy,  rich,  bottom  loam.  Beet  growing  has  met 
with  many  difficulties  in  the  way  of  floods,  wet  seasons,  disease8,  and 
insect  pests.  The  lands  themselves  are  among  the  best  that  can  pos- 
sibly be  used  for  this  crop.  The  factory  has  been  unfortunate  in  two 
unfavorable  years.  Under  normal  conditions  it  will  probably  succeed 
well.  The  crop  conditions  for  the  past  year  were  below  the  average. 
It  opened  its  campaign  September  21  and  closed  December  7. 

MINNESOTA. 

The  State  of  Minnesota  has  conducted  many  experiments  with  sugar 
beets.  Their  averages  of  sugar  content,  purity,  and  tonnage  have 
always  been  quite  favorable.  The  State  has  accomplished  a  great  deal 
in  dairying  and  raising  small  grain,  especially  wheat.  Sugar  beets 
afford  a  new  resource  for  rotation.  The  crop  is  grown  on  prairie 
lands,  largely  sandy  loams,  fertile  and  easy  to  work. 

St.  Louis  Park. — ^The  Minnesota  Sugar  Company  is  operating  a 
factory  at  this  place  of  350  tons^daily  capacity.  The  crop  conditions 
were  fairly  good  in  this  section  during  the' past  year.  The  factory 
began  operations  September  24  and  closed  its  third  campaign  December 
25.  It  has  been  unfortunate  in  having  droughts  the  first  two  years. 
The  farmers  gained  a  good  illustration  of  the  value  of  the  sugar-beet 
crop  in  that  it  succeeded  better  than  most  other  crops.  This  company 
has  .had  difficulty  in  getting  the  farmers  interested.  It  has  been  com- 
pelled to  go  into  Iowa  and  contract  for  a  considerable  part  of  its  beets. 
The  farmers  in  their  own  locality  during  the  past  year,  however, 
grew  most  of  the  beets  for  the  factory.  The  locality  possesses  many 
favorable  conditions  for  the  sugar  industiy .  It  has  good  home  markets, 
good  railroad  facilities,  cheap  fuel,  and  good  limestone.  The  company 
may  be  credited  with  having  fairly  overcome  most  of  the  difficulties, 
and  in  the  future  will  probably  be  succeasful. 
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MICHIGAN. 


The  State  of  Michigan  had  13  factories  in  operation  the  past 
year,  their  total  nominal  capacity  being  6,600  tons  of  beets  daily. 
Four  years  ago  one  factory  was  installed,  and  the  rest  of  them  have 
been  put  in  operation  since  that  time.  The  sugar  industry  in  the 
State  is  quite  illustrative  of  its  introduction  in  this  country.  When 
the  industry  was  started  comparatively  little  was  known  in  the  State 
about  the  production  of  sugar  beets,  or  the  manufacture  of  sugar  from 
them.  The  companies  installing  these  factories  were  organized,  capi- 
talized, and  built  while  the  crops  were  being  grown  for  their  cam- 
pai^s.  Each  of  them  began  with  little  or  no  information,  and  both 
manufacturers  and  farmers  derived  what  they  know  to-day  from  actual 
experience.  In  addition  to  those  already  in  operation,  four  more  fac- 
tories are  being  built  in  the  State  to  enter  the  campaign  of  1902,  as 
follows: 

NewfcLctoriu  in  Michigan. 

Sebewaing  Sugar  Company,  at  Sebewaing tons. .  600 

Valley  Sugar  Company,  at  Saginaw do 600 

Croewell  Sugar  Company,  at  Croewell do 600 

McComb  Sugar  Company,  at  Mount  Clements do 600 


Added  daily  capacity  for  next  season do. 

Present  daily  capacity • do. 


2,400 
6,600 


Total  daily  capacity  for  next  season do 9, 000 

Investment  in  plants  by  September  1,  1902 |9, 000, 000 

Working  capital  by  September  1,  1902 $1,500,000 

Total  investment  by  September  1,  1902 $10, 500, 000 

These  factories  report  crop  conditions  as  follows:  Five  "'fair,"  five 
"average,"  two  "good,"  and  two  "poor." 

Thirty  other  enterprises  are  organizing  to  build  factories  for  the 
campaign  of  1902  or  1903. 

At  the  close  of  the  last  campaign  the  Michigan  Sugar  Manufac- 
turers' Association  compiled  a  report  giving  statistics  of  the  Michigan 
beet-sugar  industry  for  the  year  ending  February  15,  1902,  which  is 
as  follows: 

Pactoby  Statistics. 
Beet-stu^r  factories  of  Michigan. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 


Factories. 


Location. 


Daiiv 
capacity. 


Bay  City 

Bay  City 

West  Bay  City. 


Miehiffan  Stigar  Co 

Bay  City  Sugar  Co 

West  Bay  City  SuRar  Co 

German- American  Co I  Salzburg 

Saginaw  Sugar  Co Saginaw 

Alma  Sugar  Co i  Alma 

TAnsing  Sugar  Co j  Lansing 

Peninsular  Sugar  Refining  Co ■  Caro 

Detroit  Sugar  Co ,  Rochester  .. 

Marine  City  Sugar  Co Marine  City 


Holland  Stufar  Co 
Wolverine  Sugar  Co. 
Kalamasoo  Sugar  Co , 

Total 


Holland 
Benton  Harbor. 
Kalamazoo 


Tons. 


500 
600 
600 
400 
600 
600 
600 
600 
500 
850 
850 
600 
600 

6,600 
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The  investment  in  plants  on  the  basis  of  $1,000  for  each  ton  of  daily  capocttr  is 
16,600,000.  The  working  capital  on  the  baas  of  $100,000  for  a  600-ton  plant  u 
$1,100,000.  This  working  capital  is  used  in  making  repairs,  purchasing  seed,  asRsA- 
ing  farmers,  carrying  sugar,  and  paying  labor  during  the  period  between  campaigns. 

Total  investment  by  Michigan  sugar  companies,  $7,700,000. 

AORICULTUBAL  8TATI8TICS. 

Acres  beets  harvested 66,400 

Ck)ntractorB  or  families  raising  beets 16, 848 

Acres  per  contract 3. 9 

Tons  beets  raised  at  9  tons  per  acre 597, 600 

Average  per  cent  sugar  in  beets 14. 1 

Value  of  average  ton  of  beets $5. 20 

Amount  paid  farmers  for  beets $3, 107,  S20 

Labor  Rbquibkd  to  Raise  and  Market  Beetb. 

Days  for  man  and  team  plowing  on  each  contract 2 

Days  for  man  and  team  fitting  on  each  contract 4 

Day  for  man  and  team  seeding  on  each  contract 1 

Total  days  for  man  and  team  putting  in  beets  on  each  contract . . .  -. 7 

Total  days  for  man  and  team  putting  in  beets  on  entire  crop 117, 936 

Days  (April  15  to  June  1 )  used  in  putting  in  crop 45 

Days'  work  for  2,621  men  and  teams  putting  in  entire  crop 45 

Days'  work  for  one  man  to  block  and  thin  one  acre 4 

Days*  work  for  one  man  to  blocK  and  thin  entire  crop 265, 600 

Days  (May  15  to  July  1)  used  in  blocking  and  thinning  crop 45 

Days'  work  for  5,902  men  to  block  and  thin  entire  crop 45 

Days*  work  for  man  and  horse  cultivating  one  acre 2. 5 

Days*  work  for  man  and  horse  cultivating  entire  crop 166, 000 

Dayo  (June,  July,  and  August)  used  in  cultivating  crop 90 

Days*  work  for  1,844  men  and  horses  cultivating  entire  crop 90 

Days*  work  for  man  to  hoe  one  acre 3 

Days'  work  for  one  man  to  hoe  entire  crop 199, 300 

Days  (July  and  August)  used  in  hoeing  crop 60 

Days*  work  for  3, 320  men  to  hoe  entire  crop 60 

Days'  work  for  man  and  team  to  lift  one  acre 5 

Days'  work  for  one  man  and  team  to  lift  entire  crop 332, 000 

Days  (October)  used  in  lifting  (Top 30 

Days*  work  for  1,106  men  and  teams  to  lift  entire  crop 30 

Days'  work  for  one  man  to  top  and  pit  one  acre 5 

Days'  work  for  one  man  to  top  and  pit  entire  crop 332, 000 

Days  (October)  used  in  topping  and  pitting  crop 30 

Days'  work  for  11,066  men  to  top  and  pit  entire  crop 30 

Days'  work  for  man  and  team  to  haul  one  acre 2 

Days'  work  for  one  man  and  team  to  haul  entire  crop 132, 800 

Days  (Oct.,  Nov.,  J)ec.,  and  Jan. )  used  to  haul  crop 120 

Days'  work  for  1 ,  107  men  and  teams  to  haul  entire  crop 120 

Summary  of  men  and  teams  employed  in  ramng  beets  during  tummer  andfaU  of  190L 

From  April  15  to  June  1,  2,621  men  and  two-horse  teams  putting  in  crop. 
From  May  15  to  July  1,  5,902  men  blocking  and  thinning. 
From  June  1  to  September  1,  1,844  men  and  single  horses  cultivating. 
From  July  1  to  September  1,  3,320  men  hoeing. 
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From  October  1  to  November  1,  1,106  men  and  two-horae  teams  lifting. 

From  October  1  to  November  1,  11,066  men  topping  and  covering. 

From  October  1  to  February  1,  1,107  men  and  two-horse  teams  hauling. 

In  estimating  the  cost  of  raising  and  marketing  the  crop  the  rate  of  wages  is  con- 
sidered as  follows: 

For  man,  $1.37 J  per  day. 

For  man  and  single  horse,  $2  per  day. 

For  man,  two  horses,  and  tools,  $2.75  per  day. 

At  the  above  rate  the  cost  of  labor  for  raising  the  beets  averages  $33.25  per  acre 
and  amounts  to  a  farmers'  pay  roll  of  $2,208,382.  To  this  should  l>e  added  a  rental 
value  of  land  at  $5  per  acre,  making  $38.25  as  the  actual  cost  of  raising  an  acre  of 
beets.  The  average  yield  for  Michigan  is  9  tons  per  acre.  The  average  cost  to  farm- 
ers per  ton  is  $3.70.  The  average  returns  to  the  Michigan  farmer  is  9  tons  at  $5.20 
per  ton  or  $46.80,  from  which  should  be  deducted  the  cost  of  15  pounds  of  seed  at  15 
cents  per  pound  or  $2.25,  leaving  net  to  the  farmer  $44.55,  or  a  profit  of  $6.30  per 
acre  over  the  cost  of  labor  and  land  rental.  If  the  farmer  ships  his  beets  to  the  fac- 
tory the  freight  must  be  deducted  from  his  $6.30  profit,  leaving  the  final  net  profit 
still  lees. 

The  above  estimate  shows  26,966  men,  1,844  single  horses,  and  4,834  double  teams 
employed  during  the  season.  It  makes  no  allowance  for  bad  weather  or  any  of  the 
accidents  attendant  upon  the  business.  Every  man  and  every  team  is  expected  to 
work  every  day.  The  above  figures  are  the  minimum.  In  actual  practice,  to  deter- 
mine the  number  of  men  and  teams  employed  the  total  should  be  increased  in  each 
case  25  per  cent.  This  increase  does  not  mean  a  corresponding  increase  in  cost  of 
producing  beets,  as  the  men  and  teams  are  not  under  pay  during  unfavorable  weather. 
Increased  thus,  the  number  of  men  and  teams  finding  employment  in  raising  beets 
for  Michigan  factories  during  the  summer  and  fall  of  1901  is  as  follows:  Men,  33,707; 
single  horses,  2,305;  double  teams,  6,042. 

The  actual  number  of  contractors  raising  beets  for  Michigan  feu^tories  during  the 
summer  and  fall  of  1901  is  16,848.  This  represents  the  same  number  of  farmers' 
families,  and,  on  a  basis  of  5  members  to  a  family,  represents  84,240  persons  actually 
interested  in  the  agricult  ural  side  of  the  beet-sugar  industry  of  Michigan. 

SUPPUBB  FOR  AN  ATEBAGB  MICHIQAN   FACTORY,    RATED  DAILY  CAPACITY  608  TONS,  AND  ACTUALLY 

Cutting  46.000  Tons  in  One  Hundred  and  Five  Days. 

Coal— 9,660  tons,  at  $2.50  per  ton $24, 150 

Lime  rock — 3,220  tons,  at  $2  per  ton 6, 440 

Coke— 354  tons,  at  $5. 25  per  ton 1 ,  858 

Sulphur — 21,000  pounds,  at  2J  cents  per  pound 472 

Filter  cloth — 8,350  yards,  at  15  cents  per  yard 1, 252 

Oils— 2,000  gallons,  at  25  cents  per  gallon 500 

Waste — 1,550  pounds,  at  5  cents  per  pound 78 

Chemicals 1,886 

Osmose  paper — 7,600  sheets,  at  10  cents • 760 

Sugar  b^s--19,300,  at  9  cents  each 1,737 

Cooperage  stock — 24,134  barrels,  at  26J  per  barrel 6, 355 

Barrel  linings — 24,134,  at  2J  cents  per  barrel 603 

Miscellaneous,  including  stationery,  blank  books,  printing,  postage,  tele- 
grams, telephones,  sugar  reports,  Dun's  reports,  and  traveling  expenses. .  2, 500 

Total 48,590 

This  amount,  estimated  on  46,000  tons,  the  average  cut  of  a  500-ton  plant  for  one 
hundred  and  five  4ays,  is  $1.06  per  ton  of  beets. 
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Campaiqv. 

The  combined  daily  capacity  of  the  13  Michigan  factories  is  6,600  tons. 

To  cat  this  year's  supply  of  beets  would  require  all  these  factories  to  ran  to  their 
utmost  capacity,  ninety  and  one-half  days,  without  any  allowance  for  shut  downs  or 
accidents.  The  actual  average  running  time  for  all  Michigan  factories  during  the 
current  year  is  one  hundred  and  five  days  of  twenty-four  hours  each,  which  is  the 
same  as  three  hundred  and  fifteen  days  of  eight  hours  each,  the  customary  hours  ran 
each  day  by  factories  in  other  lines  of  business.  In  addition  to  the  one  hundred  and 
five  days  actually  used  in  cutting  beets,  each  factory  is  obliged  to  have  a  full  quota 
of  men  for  a  week  before  beginning  to  cut  beets,  and  half  its  quota  for  ten  days  after 
stopping  the  cutting  of  beets.  This  is  the  same  as  lengthening  the  campaign  to  one 
hundred  and  seventeen  days  with  a  full  force  of  men.  Steam  is  kept  on  half  the 
boilers  for  a  period  of  six  weeks  exclusive  of  the  one  hundred  and  five  days' 
campaign. 

The  average  rated  daily  capacity  for  each  Michigan  factory  is  508  tons.  The  actual 
average  daily  capacity  on  the  basis  of  one  hundred  and  five  days'  campaign  is  438 
tons,  or  86.2  per  cent  of  the  rated  capacity. 

Labob. 

During  the  campaign  of  one  hundred  and  ^\e  days  there  are  employed  in  a  500- 
ton  factory  the  following  men,  half  of  whom  are  on  each  twelve-hour  shift.  Owing 
to  the  work  done  just  before  and  after  the  cutting  of  beets,  the  actual  campaign  for 
the  full  force  is  one  hundred  and  seventeen  days: 

Salaried  persons  at  $135  per  month 12 

Skilled  workmen  at  $2.25  per  twelve  hours 57 

Common  laborers  at  $1.80  per  twelve  hours 137 

Actual  amount  paid  for  labor  and  salaries  during  campaign  of  one  hundred 

and  seventeen  days  (this  plant  cuts  46,000  tons  beets) $50, 310 

Average  cost  of  labor  during  actual  campaign  per  ton  of  beets $1. 09 

During  the  eight  months  intervening  between  campaigns  there  are  employed 
12  salaried  persons  at  $135  per  month,  10  skilled  workmen  at  $60  per  month,  and  8 
common  laborers  at  $40  per  month. 

Salaries  and  wages  paid  during  the  eight  months  intervening  between  cam- 
paigns   $19,360 

Total  amount  paid  for  salaries  and  wages  during  entire  year $69, 670 

Average  cost  of  labor  during  entire  year  per  ton  of  beets I $1. 51 

Amount  paid  for  labor  by  the  13  Michigan  sugar  factories  during  entire 

year $902,376 

Men  employed  in  the  13  Michigan  sugar  factories 2, 678 

Rrmabkb. 

From  the  experience  of  Michigan  factories  it  is  found  that  for  the  foiur  months  of 
the  campaign  the  repairs,  exclusive  of  labor,  on  a  500-ton  plant  are  $750  per  month, 
or  $3,000  for  the  campaign.  It  is  also  found  that  the  repairs  during  the  off  season 
of  eight  montHs  amount  on  an  average  to  $12,000,  exclusive  of  labor.  All  these 
plants  are  new,  the  oldest  (Michigan  Sugar  Company)  being  but  four  years  old.  Aa 
time  advances  the  repair  account  will  materially  increase.  At  the  present  time  such 
repairs,  exclusive  of  labor,  amount  to  32  cents  per  ton  of  beets  sliced. 

Notwithstanding  the  above-mentioned  expense  for  repairing  breakage,  there  is  a 
depreciation  resulting  from  the  fact  that  sugar  machinery  is  run  continually,  night 
and  day,  for  four  months,  and  is  then  allowed  to  stand  idle  for  eight  months,  giving 
an  opportunity  for  corrosion.     Further,  the  machinery  is  going  out  of  date,  and  new 


PB0GBE8B   OF  THE   BEET-SUGAR   INDUSTRY.  63 

and  improved  machinery  must  be  purchased  to  take  its  place.  The  changes  in 
methods  and  machinery  are  rapid,  compelling  the  companies  to  make  extensive 
changes  from  time  to  time  to  keep  the  cost  of  manufacture  within  the  limits  estab- 
lished by  competition.  It  is  believed  that  a  conservative  estimate  of  the  cost  of  such 
changes  and  depreciation  is  7  per  cent  of  the  first  cost  of  the  plant.  On  a  500-ton 
plant  this  item  amounts  to  $35,000  per  year,  which,  added  to  the  cost  of  repairs 
resulting  from  breakage,  makes  $50,000,  or  $1.09  per  ton  of  beets  sliced  by  such 
Michigan  factory  during  the  present  season. 

INTKRCST— Tax  BB— IN8UBANCB. 

The  investment  and  working  capital  of  a  500-ton  plant  amount  to  $600,000.  At  5 
per  cent  the  interest  on  the  same  is  $30,000. 

The  assessed  valuation  on  a  500-ton  plant,  exclusive  of  bonded  Indebtedness,  is 
$300,000.  The  average  rate  of  State,  county,  school,  and  municipal  taxation  com- 
hined  is  3  per  cent,  or  $9,000. 

The  amount  of  insurance  carried  on  a  500-ton  plant  is  usually  $200,000;  the  rate 
85  cents. 

The  amount  of  insurance  carried  on  sugar  in  warehouses  at  factory  and  elsewhere 
varies,  but  is  usually  about  $75,000  for  six  months;  the  rate  1  per  cent  for  six 
months. 

The  employers'  liability  insurance  against  accident  to  workmen  is  estimated  at  $4 
per  $1,000  of  annual  pay  roll.  This  pay  roll  in  a  500-ton  house  amounts  to  $69,670, 
making  this  insurance  cost  $280  per  year. 

Boiler  insurance  in  a  500-ton  house  is  usually  carried  at  $40,000;  rate  one-third  per 
cent  per  year;  cost  of  premium,  $133. 

Total  yearly  cost  of  all  kinds  of  insurants  carried  by  a  500-ton  sugar  plant,  $2,913. 

Amount  pud  annually  for  interest,  taxes,  and  insurance  in  a  500-ton  sugar  house, 

$41,913;- which  estimated  on  the  tons  beets  sliced  during  the  present  season  is  91 

cents  per  ton. 

Brokerage. 

All  sugar  is  sold  by  brokers  at  the  uniform  rate  of  10  cents  per  barrel  or  3  c^nts 
per  sack.  This  expense  of  3  cents  per  hundredweight  of  sugar  is  borne  by  the  manu- 
facturer. On  the  output  of  a  500-ton  plant  this  item  amounts  to  $2,898  per  year,  or 
6.3  cents  per  ton  beets  sliced. 

Output  op  Suoab. 

The  average  output  of  sugar  per  ton  of  beets  at  the  Michigan  factories  is  210  pounds, 
which  for  the  present  season  amounts  to  125,496,000  pounds,  or  62,748  tons,  or  4,183 
carloads  of  15  tons  each.  This  amount  would  make  a  solid  train  load  of  sugar  31.6 
miles  long. 

This  amount  is  75  per  cent  of  Michigan's  yearly  consumption  of  sugar.  Its  value 
at  4j  cents  per  pound  is  $5,647,320. 

Cost  of  Manufacturing  Sugar  in  Michigan. 

Coetof  1  ton  beets $5.20 

Cost  of  supplies  per  ton  beets 1. 06 

Cost  of  labor  for  entire  year  per  ton  beets .- 1. 51 

Cost  of  repairs  and  depreciation  per  ton  of  beets 1. 09 

Cost  of  interest,  taxes,  and  insurance  per  ton  of  beets 91 

Cost  of  selling  sugar  per  ton  of  beets 063 

Total  cost  per  ton  of  beets 9. 833 

Total  cost  per  100  pounds  refined  sugar 4. 682 

The  above  estimate  includes  5  per  cent  interest  on  the  total  capital  invested  and 
7  per  cent  annual  depreciation  on  the  value  of  the  plant.    Leaving  out  these  two 
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items  the  cost  of  manufacturing  each  100  pounds  of  refined  sugar  is  reduced  $0,671,  or 
to  $4,011. 

By-Pboductb. 

The  only  by-product  at  present  from  which  Michigan  factories  derive  any  income 
is  the  final  molasses,  which  equals  in  gross  amount  3  per  cent  of  the  weight  of  b^te. 
Eight  factories  are  now  selling  this  molasses  at  $2  per  ton  f.  o.  b.  at  the  factories.  The 
amount  received  is  not  sufficient  to  pay  the  expense  of  wasting  the  pulp,  which 
expense  has  not  been  included  in  the  above  estimate.  The  Bay  City  Sugar  Company 
last  year  built  a  pulp-drying  plant  at  a  large  expense  in  order  to  make  pulp  merehaDt- 
able.  The  experiment  was  a  complete  failure.  The  Alma  Sugar  Company  ia  thk 
year  trying  a  similar  experiment,  and  hopes  to  test  its  pulp  drier  before  the  close  of 
the  season.    The  result  is  entirely  problematical. 

Beet  8eed. 

On  account  of  the  fact  that  the  beet-sugar  industry  in  the  United  States  is  of  such 
recent  development  it  is  necessary  to  import  all  the  seed  from  Europe,  This  seed  is 
purchased  by  the  factories  in  the  month  of  December,  distributed  to  the  farmere  in 
April,  and  paid  for  by  the  farmer  from  the  sale  of  beets  in  the  late  UlU.  Sugar  com- 
panies are  thus  obliged  to  advance  money  for  the  cost  of  seed,  paying  interest  on  the 
same  for  from  eight  to  ten  months. 

Beet  Contracts. 

Contracts  with  farmers  for  the  growing  of  beets  for  the  campaign  beginning  Octo- 
ber, 1902,  have  already  been  made  by  all  the  factories  at  the  old  price  of  $4.50  per 
ton  for  beets  testing  12  per  cent  sugar,  and  an  additional  3^  cents  for  each  one- 
tenth  of  1  per  cent  above  12.  As  the  average  Michigan  beet  tests  14.1  per  cent^  the 
actual  pri(;e  paid  by  factories  is  $5.20  per  ton. 

Railroads. 

All  the  coal,  lime  rock,  coke,  machinery,  general  supplies,  sugar,  and  50  per  cent 
of  the  beets  are  hauled  by  railroads.  The  total  amount  of  incoming  and  outgoing 
freight  averages  at  each  facrtory  $1  per  ton  of  beets  sliced;  or  for  the  State  at  large  it 
amounts  to  $597,600  for  the  present  year.  The  valuation  of  Michigan's  output  of 
sugar  for  the  present  year  at  4i  cents  per  pound  is  $5,647,320,  all  of  which  goes  into 
circulation  and  is  widely  distributed.  This  is  but  75  per  cent  of  the  present  con- 
sumption of  sugar  in  Michigan.  If  there  were  no  sugar  factories  in  the  State  this 
15,647,320  would  all  leave  the  State,  and  a  large  per  cent  of  it  go  to  foreign  c*ountries. 
By  keeping  it  at  home  money  is  easier,  general  business  better,  and  traffic  upon 
railroads  greatly  increased. 

Last  year  the  Michigan  Central  Railroad  extended  one  of  its  branches  20  miles 
especially  to  provide  beets  for  the  Peninsular  Sugar  Company  at  Caro.  Several  sim- 
ilar extensions  have  been  planned  for  next  season  in  order  to  develop  new  beet  tracts. 

Agricultural  Implements. 

The  development  of  the  American  beet-sugar  industry  necessitates  an  entirely  new 
class  of  agricultural  tools  and  machinery,  among  which  may  be  mentioned  beet-seed 
drills,  beet  cultivators,  beet  hoes,  beet  pullers,  beet  knives,  and  beet  forks.  It  has 
also  increased  the  use  of  wagons,  plows,  and  harrows.  As  yet  few  labor-saving  tools 
have  been  invented.    The  industry  is  of  too  recent  origin. 
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Machinery. 

All  the  machinery  in  Michigan  sugar  factories  is  of  American  make  and  put  up  hy 
American  workmen.  The  machinery  in  the  earlier  Western  factories  was  of  German 
niAke. 

Cultivation  of  Bbpt  Crops. 

Beeta  require  hetter  preparation  of  the  soil  and  more  careful  attention  than  does 
any  other  crop.  Wherever  farmers  undertake  the  culture  of  the  l)eet  it  results  in 
improved  methods  of  farming  and  helps  establish  farming  upon  a  scientific  basis. 

WISCONSIN. 

The  State  of  Wisconsin,  through  its  experiment  station,  has  prob- 
ably caiTied  on  more  experimentation  with  sugar  beets  than  has  any 
other  State  in  the  Union.  These  experiment*  have  covered  the  entire 
State,  and  have  been  well  done,  practically  and  scientifically.  They 
cover  a  series  of  years,  and  demonstrate  quite  thoroughly  the  favor- 
able conditions  for  growing  sugar  beets  in  many  sections.  The  State 
has  extensive  dairy  and  creamery  interests. 

Menomonee  Falls. — The  Wiscx)nsin  Sugar  Company  is  operating 
a  factory  here  of  500  tons  daily  capacity.  Four  3^oar8  ago  a  factory 
was  established  at  this  place  of  850  tons  daily  capacity.  Unfortu- 
nately it  was  not  a  success.  It  was  built  and  equipped  more  along ' 
theoretical  than  prac^tical  lines.  The  farmers  grew  a  large  crop  of 
beets  for  its  first  campaign,  but  it  was  late  yi  construction,  and  the 
beet8  deteriorated  to  such  an  extent  that  they  were  unfit  for  the  pro- 
duction of  sugar.  The  factory  started  up  and  ran  for  a  few  days; 
then  it  closed  down  and  went  into  the  hands  of  a  receiver,  where  it 
remained  until  last  year,  when  it  was  refitted  and  improved  at  con- 
siderable expense.  Its  campaign  began  November  1  and  closed 
January  20.  The  crop  conditions  were  reported  poor,  yet  the  district 
produced  a  tonnage  equal  to  the  average  of  the  United  States.  The 
sugar  content  averaged  14.8  per  cent  and  the  coefficient  of  purity  82.3. 

There  are  five  or  six  organizations  in  the  State  read}'  to  install  fac- 
tories at  different  points.  It  appears  quite  probable  that  within  the 
next  two  or  three  years  Wisconsin  will  bean  important  sugar-producing 
State. 

OHIO. 

This  is  another  State  that  has  carried  on  extensive  experiments  cov- 
ering a  series  of  years.  These  have  indic»ated  favorable  conditions  in 
the  State  for  sugar-beet  culture.  The  agriculture  in  the  State  of  Ohio 
is  quite  general,  and  it  is  well  adapted  to  the  introduction  of  the  sugar- 
beet  crop  and  the  manufacture  of  sugar.  The  good  quality  of  cheap 
fuel,  facilities  for  transportation,  and  home  markets  are  favorable  to 
cheap  production.  The  Stite  has  a  great  many  small  farms.  Ex- 
perience has  shown  that  small  farmers  succeed  better  and  quicker  in 
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the  beginning  with  growing  sugar  beets  than  the  larger  farmers  far- 
ther west. 

Fremont. — The  Continental  Sugar  Company  is  ojierating  a  factory 
here  of  350  tons  daily  capacity.  It  began  operations  October  14  aod 
closed  December  18.  The  crop  conditions  were  poor.  The  fiactory 
has  been  unfortunate  in  having  two  bad  years.  Farming  has  been  so 
well  and  long  established  with  other  crops,  that  it  has  been  quite  dif-' 
licult  to  get  the  farmers  to  take  up  with  sugar-beet  growing.  The 
prosi>ects  are  improving  in  this  direction,  however.  It  is  hoped  that 
the  factory  has  passed  over  its  experimental  period,  and  that  it  will 
during  the  coming  year  enter  on  a  successful  career. 

NEW   YORK. 

The  State  of  New  York  has  spent  more  money  for  experimentation 
in  sugar  beets  than  any  other  State.  Experiments  have  been  con- 
ducted at  both  the  experiment  stations.  Under  Director  Roberts,  of 
Ithaca,  these  experiments  were  elaborate  and  comprehended  a  thoroogh 
test  of  the  soil,  the  best  methods  of  cultivation,  selection  of  seed,  and 
everything  in  fact  that  pertains  to  the  success  of  the  beet  crop. 
The  lower  half  of  the  State  is  quite  generally  well  adapted  to  the 
crop.  New  York  has  large  dairying  and  ci^eamery  interests  and  does 
a  great  deal  of  gardening.  Farmers  are  well  posted  on  the  value  of 
feeding  by-products  t(^  dairy  cattle.  The  State  has  a  good  quality  of 
cheap  fuel,  reasonable  transpoiiation.  facilities,  and  an  extensive  market 
for  the  product.  Organizations  have  been  effected  at  many  places, 
and  it  looks  quite  probable  that  factories  will  be  built  in  many  other 
sections  of  the  State. 

Rome. — Four  years  ago  a  factory  was  built  at  this  place  of  200  tons 
daily  capacity.  It  was  a  factory  of  foreign  make  and  old  in  design. 
It  struggled  along  through  two  campaigns  and  discovered  that  it  had 
not  the  capacity  or  equipment  to  produce  sugar  cheap  enough  to  meet 
competition  in  the  market.  It  w^as  unfortunate  the  first  year  in  the 
selection  of  its  seed,  securing  a  kind  that  produced  beets  low  in  sugar 
content  and  purity.  This  had  much  to  do  in  discouraging  the  farmers 
and  those  interested  in  the  factory.  After  working  its  second  cam- 
paign it  closed  down,  was  finally  sold  out,  and  most  of  the  machinery 
was  moved  away  to  be  put  into  use  for  other  purposes. 

BraoHAMTON. — The  Binghamton  Beet  Sugar  Company  is  oper- 
ating a  factoiy  here  of  600  tons  daily  capacity.  This  was  the  second 
factory  built  in  the  State.  It  was  also  foreign  in  make  and  design. 
It  had  many  things  to  contend  with  in  the  beginning,  especially  the 
lack  of  interest  on  the  part  of  the  farming  community.  It  has  oper- 
ated three  campaigns,  beginning  the  last  one  November  5  and  closing 
Januar}^  17.  It  has  gradually  ingratiated  itself  into  the  s^'mpathy  of 
the  farming  element,  and  its  success  is  quite  assured.     Last  year  it 
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installed  new  machinery  and  improved  its  equipment  sufficiently  to 
raise  its  daily  capacity  to  600  tons.  From  the  start  it  has  been  able 
to  dispose  of  its  pulp  at  from  50  cents  to  $1  a  ton. 

Lyons. — ^The  Empire  State  Sugar  Company  is  operating  a  factory 
here  of  600  tons  daily  capacity.  This  was  the  third  factory  built  in 
the  State,  working  its  first  campaign  last  year,  beginning  October  16 
and  closing  December  22.  The  crop  conditions  were  fair.  The  aver- 
age sugar  content  of  the  beets  delivered  to  the  factory  was  13.6  per 
cent  and  the  (coefficient  of  purity  84.9.  For  a  first  year's  campaign  it 
was  fairly  successful. 

NEW   MEXICO. 

I 

New  Mexico  has  carried  on  many  experiments  in  sugar-beet  grow- 
ing under  the  direction  of  the  Territorial  experiment  station,  also  by 
local  societies  at  various  points.  It  has  been  found  that  there  is  quite  a 
number  of  valleys  which  possess  the  conditions  requisite  for  growing 
sugar  beets. 

Carlsbad. — ^Five  or  six  years  ago  a  factory  was  established  at  this 
place  having  a  daily  capacity  of  200  tons  of  beets,  which  was  operated 
by  the  Pecos  Valley  Beet  Sugar  Company.  This  factory  was  located 
at  a  town  called  Eddy,  the  name  of  which  has  been  recently  changed  to 
Carlsbad.  The  machinery  was  of  foreign  make  and  design.  It  appeared 
to  do  quite  well,  but  for  some  reason  has  been  closed  down  during  the 
past  two  years,  and  the  lands  growing  sugar  beets  have  been  put  into 
alfalfa  and  other  crops. 

ILLINOIS. 

The  State  experiment  station  of  Illinois  has  also  carried  on  exten- 
sive experimentation  with  sugar  beets  and  investigated  the  conditions 
for  growing  this  crop.  Local  organizations  and  societies  have  been 
established  at  various  places  in  the  State,  and  numerous  plats  of  land 
have  been  secured  and  planted  to  sugar  beets.  These  plats  have  been 
supervised  by  experts  and  a  careful  history  kept  of  everything  per- 
taining to  the  experiments.  It  has  been  thoroughly  demonstrated  that 
many  parts  of  the  State  of  Illinois  possess  the  conditions  for  successfully 
growing  beets  of  good  tonnage,  purity,  and  sugar  content.  There  are 
many  organizations  and  capitalists  planning  to  erect  sugar  factories  at 
various  points  in  the  State. 

Pekin. — ^The  Illinois  Sugar  Refining  Company  constructed  a  factory 
at  this  place  having  700  tons  daily  capacity.  This  factory  was  built  by 
parties  who  have  been  interested  in  the  manufacture  of  glucose.  It 
was  discovered,  after  operating  one  campaign,  that  it  would  take  some 
time  to  get  the  farmers  worked  up  to  the  point  of  producing  beets 
sufficient  for  the  factory's  heeds.  An  additional  equipment  was  placed 
in  the  factory  for  the  manufacture  of  glucose  during  the  past  year. 
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The  beets  that  were  grown  for  the  campaign  were  sold  to  the  factory 
at  Benton  Harbor,  Mich.,  and  the  Pekin  factory  has  ceased  to  man- 
ufacture beet  sugar  and  has  undertaken  the  production  of  glucose. 
Whether  or  not  this  is  to  be  permanent  has  not  been  made  known. 

METHODS  OF  GROWING  BEETS. 

It  is  difficult  to  lay  down  general  directions  and  rules  for  growing 
sugar  beets  applicable  to  all  localities  and  conditions.  Often  expert 
sugar-beet  growers,  at  public  meetings  and  through  the  agricultunil 
press,  give  minute  directions  covering  all  the  details  of  this  intricate 
process.  Others,  each  well  versed  in  the  process  of  growing  sugar 
beets,  get  into  arguments  and  disputes  as  to  the  right  method.  In 
such  cases  each  may  be  correct  in  a  measure.  The  occasion  for  such 
disagreements  lies  in  the  fact  that  each  person  has  in  mind  the  right 
method  for  a  particular  locality  or  set  of  conditions.  A  careful  study 
of  the  different  sections  of  the  United  States  where  sugar  beets  are 
grown  will  lead  to  the  conclusion  that  there  is  no  single  road  to 
success  in  growing  sugar  beets.  Every  locality  has  settled  conditions 
which  will  materially  modify  any  set  of  methods  that  might  appl}-  to 
some  other  one.  There  are  some  settled  rules,  of  course,  but  to  a 
great  extent  the  various  agricultural  districts  of  this  country  will 
have  to  work  out  each  for  itself  the  right  method.  The  person  who 
argues  that  the  ground  must  be  plowed  in  the  fall,  in  order  to  receive 
the  benefit  of  winter  frost,  is  not  offering  any  argument  to  the  Pacific 
coast,  for  instance,  where  many  beets  are  grown.  And  he  who  insists 
that  the  ground  should  be  rolled  in  all  instances  after  planting  will 
hazard  the  crop  if  his  directions  are  followed  in  many  parts  of 
Nebraska  and  other  sections  where  the  soil  is  sandy  and  there  are 
strong  winds.  In  such  case  a  smooth  surface  offers  an  excellent 
opportunity  for  the  wind  to  carry  along  the  sharp  grains  of  sand,  cut- 
ting off  the  plants  and  destroying  the  crop. 

There  can  be  no  general  fixed  rules  regarding  the  kinds  and  appli- 
cation of  fertilizers.  General  principles  are  all  right  when  accompa- 
nied by  the  reasons  underlying,  but  must  always  be  modified  to  meet 
local  conditions. 

With  the  development  of  the  industry  in  all  the  sections  which  have 
the  necessary  conditions,  and  the  acquirement  of  ample  experience 
both  by  the  fanners  in  the  production  of  beets  and  by  the  manufac- 
turers in  the  making  of  sugar,  there  will  come  many  improvements 
and  eventually  a  cheap)ening  of  production,  a  result  of  great  impor- 
tance to  all  concerned  in  the  success  of  the  industry',  because  eventually 
the  beet-sugar  industry  of  the  United  States  will  have  to  meet  a  sharper 
competition  with  foreign  sugar  producers. 

There  are  some  things  settled,  however,  about  growing  sugar  beets. 
It  will  generally  be  conceded  that  the  ground  should  be  plowed  deep. 
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and  in  most  instances  subsoiled.  Before  the  seed  is  planted  the  ground 
must  be  thoroughly  pulverized  by  harrowing  and  by  rolling,  even  if 
the  surface  has  to  be  afterwards  roughened.  Advantage  must  be  taken 
of  the  general  and  prevalent  rain  conditions.  The  ground  must  be 
moist  enough  to  germinate  the  seed,  either  by  rainfall  or  irrigation. 
Rainfall  is  best  when  it  can  be  obtained.  In  some  localities  either  is 
used,  according  to  circumstances.  Seeds  are  planted  at  depths  of  from 
one-half  to  2  inches,  according  to  the  prevailing  conditions  in  the  par- 
ticular locality.  The  beets  must  be  planted  near  enough  together  to 
produce  a  beet  of  a  certain  size.  This  spacing  depends  again  upon  the 
locality  and  the  nature  and  fertility  of  the  soil.  The  size  and  quality 
of  the  beet  depend  materially  on  the  right  kind  of  spacing.  The 
beets  must  be  thoroughly  cultivated,  hoed,  and  Hand  weeded,  because 
cultivation  tends  to  conserve  the  moisture  of  the  soil,  and  clean  fields 
permit  favorable  action  of  sun  and  air.  The  sooner  the  beet  is  har- 
vested after  it  is  ripe  the  better,  because  further  rainfall  may  start  a 
new  gix)wth,  producing  new  lateral  roots  and  new  leaves,  thus  greatly 
reducing  the  sugar  content  and  purity  of  the  beets. 

PREPARING  THE  BRED  RED. 

The  preparation  of  the  soil  for  receiving  the  seed  is  one  of  the 
intricate  and  expensive  parts  of  the  work.  The  first  prerequisite  is  the 
selection  of  the  land  itself.  Sugar  beets  are  a  vigorous  crop  and 
require  a  good  soil.  The  old  idea  that  sugar  beets  can  be  grown  on 
soil  that  has  been  worn-out  has  been  pretty  thoroughly  exploded,  and 
the  sooner  it  is  wholly  abandoned  the  better  it  will  be  for  the  sugar- 
beet  growers  as  well  as  for  the  manufacturers.  One  of  the  first  errors 
that  the  farmers  of  Michigan  fell  into  was  to  take  their  worn-out  grain 
lands  and  attempt  to  grow  sugar  beets  on  them.  The  results  were 
quite  disastrous  but  conclusive,  and  the  Michigan  farmers  are  now 
setting  apart  their  best  lands  for  this  pui*pose.  Everj'  old  agricultural 
district  in  which  the  industry  has  been  established  had  to  go  through 
this  experience.  It  should  be  insisted  upon  that  a  good,  feitile  soil  is 
required.  Sugar  beets  will  grow  in  sandy  soils,  sandy  loams,  or  clay 
loams  if  not  underlaid  with  hardpan,  but  they  must  be  fertile. 

Having  selected  the  land,  deep  plowing  is  usually  required,  and  in 
many  instances  subsoiling  is  necessary.  The  main  body  of  the  beet 
should  rest  in  the  part  of  the  soil  that  has  been  stirred.  This  pre- 
vents the  beet  from  tending  to  grow  up  out  of  the  ground  and  gives  a 
better  opportunity  for  its  fine  lateral  roots  to  perform  their  functions. 

After  the  ground  has  been  plowed  it  should  be  thoroughly  pulver- 
ized by  disking,  harrowing,  rolling,  and  planking.  It  is  not  necessary 
to  use  all  of  these  methods  at  once,  but  enough  of  them  must  be  used 
to  accomplish  the  end  in  view,  and  that  is  to  thoroughly  pulverize  the 
ground.     The  surface  should  l)e  left  perfectly  soft  and  as  smooth  as 
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possible.  Special  implementB  are  being  constantly  devised  to  accom- 
plish this  work.  The  sugar-beet  grower  can  select  the  implement  or 
implements  that  perform  this  service  best  according  to  his  owd  needs 
and  conditions. 

PLANTINO. 

The  soil  being  ready,  the  beets  are  planted  (PJate  V,  fig.  1)  at  dif- 
ferent depths  varying  from  one-half  inch  to  one  and  one-half  incbe-s, 
according  to  the  peculiar  needs  of  the  soil  and  the  peculiar  eonditioDs 
existing  in  the  soil  at  the  time  of  planting.  This  is  usually  governed 
by  the  amount  of  moisture  it  contains,  the  time  of  year  the  planting 
is  done,  and  the  tendency  of  the  soil  to  dry  out.  Four  rows  are 
usually  planted  at  onetime.  They  are  usually  from  14  to  24:  inches 
apart,  depending  upon  the  strength  of  the  soil,  whether  irrigation  is 
used  or  not,  and,  if  used,  how  it  is  applied.  About  20  pounds  of  seed 
are  used  per  acre.  The  seeds  are  planted  from  one-fourth  to  one-half 
an  inch  apart  in  the  rows. 

The  usual  price  for  seed  is  16  cents  per  pound,  and  the  cost  per  acre 
at  this  rate  is  $3.  It  will  be  noted,  when  we  come  to  the  subject  of 
bunching  and  thinning,  that  only  a  small  percentage  of  the  seed  planted 
is  utilized  in  the  end.  In  view  of  the  great  importance  of  securing 
a  ^^  stand,''  this  apparent  waste  of  seed  seems  necessary.  Attempts 
are  being  made  to  reduce  this  item  of  expense.  Some  parties  have 
invented  a  planter  that  will  place  the  seeds  in  bunches  in  the  row,  the 
right  distance  apart,  subject  to  regulation  by  the  planter,  instead  of 
sowing  them  along  the  row  as  at  present.  Another  experimenter  has 
adopted  the  plan  of  first  germinating  a  seed  in  a  little  package  filled 
with  soil  rich  in  plant  food.  After  the  roots  appear  through  the 
package,  it  is  deposited  by  a  specially  devised  planter  at  the  proper 
place  in  the  row.  It  is  claimed  for  this  process  that  the  moisture  in 
the  package  will  carry  the  plant  along  until  it  has  time  to  take  root  in 
the  ground.  It  is  also  claimed  that  the  well-balanced  fertilizer  in  the 
package  will  make  a  strong,  healthful  plant  in  the  beginning;  also 
that,  while  it  is  a  little  more  expensive  in  the  start,  it  accomplishes 
four  important  purposes:  (1)  It  gives  early  vigor  to  the  plant;  (2)  it 
eliminates  the  excessive  expense  for  seed;  (3)  it  does  away  with  bunch- 
ing; (4)  it  does  away  with  thinning.  There  can  be  no  doubt  that  these 
are  four  very  strong  reeommendations.  If  this  new  method  proves  a 
success,  it  will  reduce  the  cost  of  growing  beets  at  least  one-fifth. 

GERMINATION. 

If  the  soil  is  in  prop)er  condition,  the  temperature  favorable,  and 
moisture  sufficient,  within  a  week  after  planting  the  beets  will  appear. 
By  irrigation  the  moisture  can  be  controlled  to  some  extent,  but,  in 
the  main,  weather  conditions  must  be  depended  on.     Hot,  dry  winds 


Fio.  2.— HoEiNQ  Sugar  Beets,  Oxnard,  Cai. 


Fig.  2.— Cultivating  Beets,  Oxnaro,  Cal. 
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soon  reduce  the  moisture  near  the  surface  where  the  beet  seeds  lie. 
Cold  weather  retards  germination.  This  germinating  period  of  the 
sugar-beet  plant  is  the  most  critical  point  in  its  existance,  and  one  on 
which  the  farmer  must  be  well  posted.  If  a  rain  follows  planting  and 
bakes  the  ground,  he  must  know  how  to  overcome  the  difficult}'.  He 
must  be  thoroughly  versed  in  the  use  of  the  harrow  in  connection  with 
the  sugar-beet  crop.  The  old  adage,  ''a  stitch  in  time  saves  nine'\  is 
nowhere  more  applicable  than  here.  The  grower  must  begin  the 
battle  against  the  plant's  enemies — weeds  and  grasses — immediately 
with  the  germination  of  the  beet  seed. 

BUNCHING   AND  THINNING. 

When  the  plant  has  three  or  four  leaves,  the  bunching  must  be  done. 
The  grower  passes  down  the  row,  and,  with  a  stroke  of  the  hoe,  cuts 
out  a  part  of  the  plants^  leaving  bunches  from  6  to  10  inches  apart. 

After  bunching,  or  when  it  is  fairly  under  way,  the  laborers  begin 
the  thinning.  This  is  accomplished  by  crawling  along  the  row,  and 
with  the  hands  extracting  from  each  bunch  the  excess  of  plants,  leav- 
ing a  single  one.  (See  PI.  VI,  fig.  1.)  The  thinning  time  is  also  a 
critical  period.  Should  it  rain,  or  the  farmer  l)e  lacking  in  help,  seri- 
ous consequences  may  occur.  The  beet  plants  are  growing  near  each 
other,  and  in  many  instances  they  are  twining  around  each  other. 
They  have  begun  sending  out  lateral  roots.  If  thinning  is  not  done 
at  the  right  time  and  with  care,  the  plants  left  standing  are  sure  to 
suffer  damage. 

,  CULTIVATING. 

The  first  cultivation  is  perforaied  in  the  bunching  and  thinning, 
when  the  operator  prcvsses  the  dirt  firmly  around  the  l>eet  plant,  and 
extracts  whatever  gi'ass  or  weeds  may  be  present.  The  second  culti- 
vation is  done  with  the  cultivator.  (PI.  VI.  fig.  2  and  PJ.  VIII).  Four 
rows  are  usually  cultivated  at  once.  The  seeder  usually  plants  four 
rows  at  once,  and  the  cultivator  is  run  over  the  same  four  rows.  The 
driver  has  only  to  watc»h  a  single  row,  since  any  crook  in  that  row  will 
also  be  found  in  the  other  three.  The  first  cultivation  is  done  with 
sharp,  flat  knives  which  run  parallel  with  the  surfac^e,  cutting  off  the 
roots  of  grass  and  weeds  just  below  the  surface.  The  cultivator  is 
followed  by  a  laborer  with  a  hoe,  who  mellows  the  ground  around  the 
beets  and  draws  the  dirt  up  to  them. 

The  next  cultivation  is  usually  done  with  slender,  long  plow  blades, 
known  as  ''  bull  tongues,"  that  stir  the  ground  down  several  inches. 
This  is  after  the  plants  have  reached  some  size.  Cultivation  is  con- 
tinued as  the  necessities  of  the  case  require.  Cultivation  has  two 
ends  in  view:  (1)  To  keep  the  grass  and  weeds  thoroughly  removed; 
(2)  to  form  a  dust  mulch  around  the  plants  to  conserve  the  moisture 
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in  the  soil.     The  cultivator  is  usually  drawn  by  a  single  hoi-so  or  mule 
and  handled  by  one  person. 

Cultivating  ceases  when  the  plants  are  large  enough  t-o  thoroughly 
shade  the  ground,  and  when  to  continue  the  work  among  them  with  a 
plow  and  horse  would  be  detrimental.  After  that  the  workmen  g<> 
over  the  field  and  pull  out  the  grass  and  weeds  by  hand.     (PI.  VII). 

Cultivation  is  one  of  the  most  important  things  in  growing  sugar 
beets.  Upon  thoroughness  in  keeping  down  the  weeds  and  gras^* 
depends  the  access  of  air  and  light.  Light  and  heat  are  the  active 
agents  in  the  elaboration  of  sugar  in  the  beet.  The  moisture  necessary 
to  the  growth  of  the  beet  also  depends  a  great  deal  upon  cultivation. 
The  influence  of  cultivation  is  recognized  by  the  lalx)rers  of  foreign 
descent  in  our  sugar-beet  fields,  who  are  continuall}'  saying:  "We 
have  to  hoe  the  sugar  into  the  beets."     (See  PI.  V,  tig.  2). 

HARVESTrNC. 

When  one  isi  accustomed  to  seeing  sugar-beet  fields,  it  is  easy  to 
determine  when  they  are  ripe.  However,  this  point  is  usualh^  deter- 
mined by  ascertaining  the  sugar  content  and  purity  of  the  l>eets. 
When  a  field  of  beets  is  ripe,  the  leaves  tend  to  droop,  and  the  whole 
field  takes  oti  a  yellow  appearance,  .which  can  not  l)e  mistaken  In'  one 
accustomed  to  deciding  the  period  of  ripeness. 

Harvesting  is  done  with  plows,  of  which  there  are  several  kinds. 
One  has  a  shai'p  shear  that  cuts  off  the  tap  roots,  and  a  long,  slim  mold- 
board  which  raises  the  beets  several  inches  along  with  the  dirt. 
Another  harvesting  implement  has  two  prongs  with  diverging  jx)ints. 
These  prongs  pass  along  through  the  soil  at  some  distance  below  the 
surface,  one  prong  on  either  side  of  a  row  of  l)eets.  The  action  of  the 
implement  is  to  break  off  the  tap  root,  lift  the  beet  up  a  few  inches,  and 
allow  it  to  drop  back  as  the  plow  passes  on.  Both  of  these  instru- 
ments are  called  "diggers."  The  digger  is  followed  by  laborers  who 
lift  the  beets  and  cleave  off  the  tops  with  sharp  knives.  This  is  called 
topping.  The  beets  are  thrown  into  piles  at  regular  distances,  and  the 
tops,  with  adhering  (a-owns,  are  allowed  to  lie  in  the  fields.  (See  PI. 
IX.)  The  best  practice  is  to  plow  them  under  as  fertilizer,  but  in 
many  cases  they  are  fed  to  stock,  or  the  stock  is  turned  in  on  them. 
Sometimes  these  tops  are  hauled  to  market  and  sold  by  the  load  as  hay 
or  other  forage. 

DELIVERlNCi    KEETS. 

Wagons  are  driven  into  the  fields,  and  the  beets  are  either  thrown 
into  the  open  boxes  or  are  put  in  sacks.  Sometimes  a  net  is  plat^^ed  in 
the  wagon,  and  when  the  wagon  arrives  at  the  factory  the  whole  load 
of  beets  is  lifted  out  by  machinery.  There  is  as  yet  no  uniform  method 
of  unloading  beets.     The  most  common  practice  is  to  simply  shovel 
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the  beets  out  of  the  wagon  with  beet  forks  or  shovels.  (PI.  X.) 
Sometimes  special  dumps  are  arranged  at  the  factory  whereby  whole 
wagon  loads  of  beets  are  precipitated  at  once  into  the  bins.  Such 
dumps  are  expensive  to  the  factoriCvS,  and  not  very  many  have  them 
put  in.  One  of  the  best  arranged  devices  for  dumping  that  I  have 
examined  is  that  in  use  at  Fremont,  Ohio.  Long  beet  bins  are  built 
near  to  and  parallel  with  each  other.  Wagons  drive  in  over  bin  No.  1, 
and  the  beet8  are  dumped  out  of  the  wagons  into  the  bin.  The  drive- 
way is  constructed  over  the  bins  composed  of  a  series  of  platforms 
upon  which  the  wagons  are  driven.  Each  platform  will  hold  a  wagon, 
and  has  machinery  for  dumping  the  beets.  When  one  bin  is  full,  all 
these  platforms,  by  means  of  travelers  and  a  windlass,  are  moved  over 
to  the  second  bin,  which  is  filled  in  like  manner.  This  process  is 
repeated  until  all  the  bins  are  filled.  One  set  of  platforms  and  dumps 
do  the  work  for  all  the  bins. 

The  farmer  usually  aims  to  haul  from  2  to  3  tons  of  beets  at  a  load. 
This  amount  depends  upon  the  kind  and  condition  of  the  road  leading 
to  the  factory.  In  many  cases  special  wagon  boxes  are  used  for  haul- 
ing beets.  It  is  found  impracticable  to  haul  beets  by  wagon  farther 
than  7  to  10  miles.  If  grown  farther  than  this  from  the  factory,  they 
are  usually  hauled  to  the  cars  and  delivered  to  the  factory  by  the 
carload. 

1  noticed  last  year  that  in  several  places  a  new  idea  in  the  delivery 
of  beets  had  been  introduced.  Special  dumps  were  made  at  points  in 
the  country  over  side  tracks  along  the  railroad.  (PI.  XI,  fig.  2.) 
These  dumps  are  fitted  with  scales  for  weighing,  and  arrangements  are 
made  for  taking  samples.  Farmers  haul  their  beets  to  the  nearest 
dump.  A  long  approach  is  built  and  up  this  the  fanner  drives  his 
wagon,  which  is  then  fastened  to  the  platform,  and  the  whole  is  tilted 
l>ackwards,  precipitating  the  beets  into  the  car.  The  whole  operation 
requires  about  three  minutes'  time,  so  that  a  large  number  of  l)eet 
haulers  can  be  accommodated  in  a  short  time. 

SAMPLES   AND  TARE. 

Whenever  a  wagonload  of  beets  is  delivered  to  the  factory,  a  basket- 
ful, promiscuously  selected,  is  taken  out  as  a  sample.  This  sample  is 
tagged  and  on  the  tag  is  noted  the  weight  of  the  load  of  beets.  It  is 
then  sent  to  the  chemical  department  of  the  factory,  where  it  is  ana- 
lyzed for  sugar  content  and  purity,  thoroughly  washed  to  remove  all 
the  adhering  dirt  or  tare,  and  reweighed.  The  per  cent  of  tare  is  thus 
determined  for  the  particular  load  from  which  the  sample  was  taken. 
The  factory  mav  do  this  with  everv  load  or  determine  the  tare  by 
testing  only  part  of  the  loads. 

The  question  of  tare  is  the  cause  of  constant  friction  between  the 
farmers  and  the  factory  managers.     Some  kinds  of  soil  adhere  more 
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than  others;  therefore,  some  farmers  have  more  tare  than"  others. 
The  same  soil  sometimes  adheres  more  than  at  other  timers,  and  the 
farmer  gets  different  rates  of  tare,  so  that  the  tare  is  constantly  a 
matter  of  dispute. 

SUGAR  CX)NTENT  AND  PURITY. 

The  samples  used  in  determining  the  tare  are  also  used  by  the  chem- 
ist in  determining  the  quality  of  the  beets.  This  information  is  to 
complete  the  records  of  the  factory,  in  order  to  compute  the  extrac- 
tion of  available  sugar.  Often  factories  buy  beets  on  a  sliding  scale, 
paying  so  much  per  ton  for  beets  of  certain  quality  and  more  for 
beets  higher  in  sugar  content  and  purity,  so  that  the  work  of  the 
chemist  is  important. 

SILOING. 

While  beets  should  be  harvested  as  soon  as  they  are  ripe  to  avoid 
the  deteriomting  eflFects  of  frost  or  rain,  yet  not  all  beets  can  be  delivered 
to  the  factory  at  the  same  time.  The  beet  sheds  have  not  sufficient 
capacity.  Many  companies  require  that  a  certain  portion  of  the  beets 
shall  be  siloed  in  the  fields  where  they  are  grown.  This  is  accom- 
plished by  placing  them  in  single  piles  containing  a  good  load,  or  in 
long  ricks.  Plows  are  run  up  and  down  alongside  of  these  ricks  or 
piles,  and  the  soft  dirt  is  thrown  over  the  beets  to  the  depth  of  several 
inches.  Then,  hay,  straw,  and  beet  leaves  are  thrown  on  top  of  that. 
Holes  are  left  for  ventilation.  Beets  can  be  kept  for  some  time  in  this 
manner. 

FROZEN  BEETB. 

Throughout  New  York,  Ohio,  Michigan,  and  Minnesota,  during  the 
pjist  year,  heav}'  freezing  weather  occurred  before  the  campaign  ^\'as 
half  over.  Many  of  the  beets  grown  for  factories  in  these  States  were 
frozen  solid.  1  wrote  to  the  factories  to  get  the  results  of  their  expe- 
rience with  frozen  beets,  and  found  that  in  no  instance  did  this  freezing 
produce  anj-  particularly  bad  effect.  The  temperature  fell  to  20  below 
zero  before  the  20th  of  December,  and  was  as  low  as  that  several  times 
before  the  campaign  closed. 

NEWS  ITEMS  AND   PRESS  COMMENTS. 

Under  this  heading  are  compiled  facts  of  interest  regarding  the  beet- 
sugar  industiy  taken  from  m}^  own  notes,  and  clippings  from  local 
papers,  especially  papei*s  representing  the  beet-sugar  interests.  This 
information  is  arranged  according  to  States  and  towns  or  localities. 

CALIFORNIA. 

OxNARD, — The  following  is  taken  from  a  recent  issue  of  the  Sugar 
Beet  Gazette: 

^  The  Patterson  Ranch  Company's  balance  sheet  shows  some  very  interesting  and 

-        instructive  figures  on  its  last  year's  business.     It  is  a  carefully  conducted  property, 


F>Q.  2.— Unloading  BEETS  into  Beet  Sheos,  SuQar  Citv,  Colo. 


Fia.  2.— Beet  Dump,  Danville,  Cal. 
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and  an  account  is  kept  of  acreage,  expenses,  etc.,  on  every  crop  raised.  While  last 
year  was  not  the  most  favorable,  and  the  cost  of  irrigation  had  to  be  added  to  the 
ordinary  expenses  of  farming,  the  best  crop  raised  on  the  ranch  was  very  satisfactory. 
The  company's  balance  sheet  shows  gross  receipts  from  beets  were  $86,120.90,  and 
the  average  net  profit  per  ton  of  beets  was  $2.35,  including  pasture  of  beet  tops.  Wb 
give  some  of  the  figures: 

Acres  harvested 1, 468 

Beets  delivered tons. .  18, 438 

Gross  receipts $86, 120. 90 

Sugar  content per  cent. .  17. 6 

Purity coefficient..  79.6 

Tare percent..  2.78 

Price  received  per  ton $4. 67 

Average  cost  of  raising  per  ton 2. 37 

Averiige  profit  per  ton 2. 29 

Average  profit  per  ton,  including  beet-top  pasturing 2. 36 

Average  cost  per  acre  to  farm 29. 97 

Net  profit  per  acre 29. 78 

Total  net  profit 43,329.39 

This  demonstrates,  under  the  least  favorable  conditions  as  to  season,  that  beet 
raising  on  a  large  scale  is  one  of  the  most  profitable  branches  of  farming  possible  in 
this  valley.  There  are  many  other  instances  that  would  make  an  equally  favorable 
showing,  but  there  are  few  ranches  as  well  managed  as  the  Patterson,  or  where  a 
detailed  account  is  kept  of  every  expense  connected  with  every  crop.  That  tact 
gives  added  value  to  the  results  in  this  case. 

Intelligent  farming  and  certainty  of  prices  make  beets,  even  in  years  called  bad 
years,  one  of  the  safest  and  roost  profitable  crops  the  farmer  can  nuse. 

The  ranch  company  was  so  well  pleased  with  last  year's  results  that  it  has  con- 
tracted with  the  American  Beet  Sugar  Company  to  plant  1,500  acres  in  beets  this 
season. 

COLORADO. 

The  following  is  clipped  from  the  Rocky  Mountain  News,  of  Denver, 

Colo. : 

• 

The  great  value  of  sugar-beet  factories  to  Colorado  can  not  be  estimated  by  the 
paltry  dollars  which  the  invested  capital  in  the  buildings  and  machinery  add  to  the 
taxable  assets  of  the  State.  Compared  to  other  interests  directly  arising  from  the 
location  of  a  sugar  plant  in  any  community,  these  assets  are  not  the  most  important 
features.  As  a  safe  criterion,  we  can  refer  to  Otero  County,  which  has  welcomed 
two  factories  in  the  past  year,  at  a  probable  cost  of  $2,000,000,  which  has  been 
listed  upon  the  country  tax  list.  But  let  us  look  further.  These  two  refineries 
have  brought  to  the  county  at  least  four  thousand  new  people,  who  have  been 
enrolled  as  bona  fide  residents.  The  farming  and  agricultural  lands  have  been 
enhanced  in  value  at  least  $3,000,000.  The  business  and  commercial  interests  of  the 
county  have  been  quickened  by  the  increaseil  capital  which  has  been  placed  in  cir- 
culation. The  slipshod  custom  of  careless  agricultural  methods  has  been  abandoned, 
and  the  theory  of  intense  farming  has  been  almost  universally  resorted  to. 

The  value  of  an  acre  of  land  depends  on  the  amount  of  cash  it  will  pay  its  owner 
each  year,  and  its  value  can  not  legitimately  rise  above  this  basis.  Here  is  where 
the  great  profit  in  general  comes  in  from  the  establishment  of  the  factory  and  the 
growing  of  sugar  beets.  Land  which  has  heretofore  produce*!,  when  cultivated  in 
ordinary  farm  crops  of  alfalfa  and  grain,  from  $7  to  $10  per  acre  net  to  the  owner  is 
capable  of  producing,  when  properly  planted  to  sugar  beets,  from  $50  to  $70  per  acre, 
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besides  |?iving  permanent  employment  to  at  least  foar  times  the  number  of  labcmn. 
Hence,  we  can  pee  in  the  starting  of  every  factory  the  solution  of  two  great  problem*— 
the  increase  of  laml  values  and  the  maintenance  of  a  fourfold  greater  population. 

LovELAND.— A.  V.  Officer,  manager  of  the  Loveland  beet-sugar 
factory,  has  interested  clergymen  and  charitable  persons  in  the  cities, 
who  are  sending  him  boys  to  work  in  the  beet  fields.  The  ministers 
find  it  a  good  way  to  make  boys  self-sustaining  and  bring  them  ap  to 
habits  of  indqstry,  while  the  beet  growers  find  the  boys  are  excellent 
workers  in  the  fields. 

When  the  Great  Western  Construction  Company  began  operations, 
30,000  tons  of  beets  lay  in  the  sheds  ready  to  be  sliced. 

PuEBiiO. — The  Nuckalls  Packing  Company,  of  Pueblo,  will  erect 
yards  and  pens  fo^  several  hundred  head  of  cattle  at  Sugar  City,  to  be 
fattened  on  the  beet  pulp  from  the  National  Sugar  Company's  plant 

RocKT  Ford. — Experiments  have  been  conducted  at  Rocky  Ford  to 
determine  the  value  of  beet  pulp  as  food  for  cattle  and  sheep,  and  the 
results  have  proven  highly  satisfactory.  It  has  been  demonstrated 
that  pulp  is  a  superior  food  for  stock,  taking  the  place  of  corn  at 
one-third  less  expense.  Many  inquiries  have  been  made  as  to  the 
consistency  of  the  pulp.  Many  have  an  idea  that  it  will  be  mushy. 
That  is  the  case  unless  the  pulp  is  pressed  dry.  I  understand  the 
Loveland  factory  will  install  machinery  for  pressing  the  pulp  com- 
paratively dry,  which  will  greatly  add  to  its  usefulness  for  feeding 
during  freezing  weather. 

Beet  pulp  from  the  sugar  factory  at  Rocky  Ford  has  proven  so 
valuable  as  a  food  for  cattle  that  the  dairy  interests  are  experiencing 
a  boom  in  that  town.  A  number  of  herds  of  milch  cuttle  are  being 
brought  to  the  place,  and  the  production  of  milk  will  be  greatly 
increased. 

Sugar  City. — The  following  is  clipped  from  a  local  paper  published 
in  the  vicinity: 

The  large  amount  of  land  acquired  by  the  National  Sugar  Company  at  Sugar  Gty 
for  growing  sugar  beets  will  necessitate  an  addition  to  the  population  of  that  place  of 
500  laborers  in  seeding  time.  In  less  than  one  year  Sugar  City  has  grown  from  noth- 
ing to  a  city  of  2,000  inhabitants.  Laborers  from  Denver  and  other  plaoea  are 
arranging  to  go  to  Sugar  City. 

ILLINOIS. 

The  Illinois  State  board  of  agriculture  oflfered  premiums  in  1901  to 


beet  growers  as  follows: 


ueet  growers  n»  luiiuws; 

For  largest  yield  of  beets  grown  on  1  acre  of  ground:  First  premium,  $50;  second 
premium,  $25;  third  premium,  $15;  fourth  premium,  $10. 

For  exhibit  of  15  beets,  weighing  not  less  than  1  pound  each,  showing  the  highest 
test  of  sugar:  First  premium,  $20;  second  premium,  $15;  third  premium,  $10;  fourth 
premium,  $5. 


PROOBESS   OF  THE   BEET-8UOAB  IKDU8TRY. 


77 


For  exhibit  of  15  l)eeto,  weighing  not  lees  than  1  poond  each,  showing  the  highest 
test  of  sugar  and  grown  by  boy  16  years  of  age  or  under:  First  premium,  $20;  second 
premium,  $15;  third  premium,  $10;  fourth  premium,  $5.       / 

For  the  best  kept  account  and  record  showing  the  cost  and  labor  performed  in 
growing  1  acre  or  more  of  beete:  First  premium,  $20;  second  premium,  $15;  third 
premium,  $10;  fourth  premium,  $5. 

For  paper  on  ''Growing  sugar  beete  for  profit,"  containing  about  1,500  words:  First 
premium,  $20;  second  premium,  $15;  third  premium,  $10;  fourth  premium,  $5. 

Bloomington. — The  following  report  appeared  in  the  columns  of 
the  Sugar  Beet  Gazette: 

The  following  detailed  report  of  the  actual  cost  of  the  labor  in  raising  378  acres  of 
sugar  beete  in  this  vicinity  is  furnished  by  Mr.  A.  G.  Kingman,  superintendent  at 
this  place  for  the  Illinois  Sugar  Refining  Company  at  Pekin.  The  report  is  very 
interesting  for  comparison  with  previous  estimates  of  such  cost,  and  because  it  is  the 
average  of  a  large  number  of  acres.  The  estimate  given  below  for  the  corresponding 
items  of  labor  is  that  of  Prof.  P.  G.  Holden: 

Cost  of  raising  and  harvesting  a  tnigar-heet  crojK 


Items  of  work  done. 


CleariDfr  stalkfl 

PlowiDj^ 

Preparing  ground 

Seeding 

Bancfaing 

Thinning 

Weeding  and  hoeing 

Calti^aUng 

Ufting 

Pulling  and  topping 

Hanllng 

Total 

Total  team  work 

Total  hand  work 


Actual  coHt. 

Estimated 
coat. 

10.53 

$1.00 

1.23 

.50 

1.17 

1.16 

.27 

.85 

2.06 

1.50 

8.28 

3.50 

9.14 

5.00 

.60 

2.00 

1.35 

1.00 

5.50 

5.00 

4.68 

5.00 

29.71 

28.00 

9.73 

18.00 

19. 9R 

15.00 

It  will  be  seen  by  the  above  that  the  actual  cost  in  the  aggregate  was  very  close  to 
the  estimate.  The  widest  difference  was  in  the  item  of  weeding  and  hoeing,  which 
cost  $9.14,  while  the  estimate  was  only  $5.  There  were  special  reasons  for  this  extra 
cost,  which  could  scarcely  occur  two  seasons  in  succession.  A  wet  spell,  preventing 
work,  allowed  the  weeds  to  get  quite  a  start,  and  then  the  Bloomington  fire  and  a 
circus  attracted  the  workers  from  the  fields  until  the  condition  require<l  much  extra 
hand  work.  The  cultivators  could  not  be  used  as  usual  at  this  time,  and  it  will  be 
seen  that  the  cost  of  cultivating  was  only  50  cente  per  acre,  while  the  estimates 
allowed  $2. 

The  comparison  given  is  on  items  of  labor  only  and  does  not  include  rent  of  land, 
seed,  superintendence,  interest  or  investmente,  rente,  and  repair  of  tools,  freight,  etc. 
These  items  in  the  estimate  are  placed  at  $12.50. 

The  total  cost  for  the  hand  work  was  $7,552.44,  and  for  team  work  $1^,677.94. 

lifting : $540.30 

HauUng 1,591.58 

Pulling,  piling,  and  topping 2, 305. 39 

8undnee : 13.78 

Superintending 374. 00 

Total 4,825.05 


78  PBOGBESS   OF   THE   BEET-SUGAB  INDDSTBY. 


IOWA. 


Cerro  Gordo  County. — There  were  nearly  200  acres  of  beets  raised 
last  year,  and  most  of  the  product  was  shipped  to  the  Minnesota  Sugar 
Company  of  St.  Louis  Park.  The  farmers  were  beginners  in  beet 
growing,  and  under  the  circumstances  did  very  well.  Tlie  average 
yield  was  12  tons  to  the  acre  and  the  best  20.  The  beets  average 
13.12  per  cent  sugar  content  and  84.30  purity.  The  people  of  Clear 
Lake,  in  that  county,  are  trying  to  secure  a  sugar  factory. 

Fort  Dodge. — ^The  Sugar  Beet  Gazette  says: 

A  boat  a  year  ago  the  Fort  Dodge  Beet  Sugar  Company  began  its  efforts  to  develop 
the  sugar-beet  industry  in  Webster  County.  Mr.  Chantland,  the  secretary,  furnishes 
the  following  figures  of  sums  they  are  paying  out  as  the  result  of  the  first  year's  work. 
These  prices  are  net,  after  deducting  the  price  of  seed  and  rent  of  machinery: 

Andre  Chantland,  Badger,  5  acres,  $373.25,  or  $74.81  iier  acre. 

Adolph  Houge,  Biadger,  5  acres,  $224.85,  or  $44.96  per  acre. 

J.  H.  Alpers,  Fort  Dodge,  2  acres,  $116.93,  or  $58.46  per  acre. 

P.  J.  Shultz,  Clare,  2i  acres,  $120.10,  or  $48.04  per  acre. 

J.  J.  Rutledge,  Douglas  Township,  3  acres,  $98.04,  or  $32.68  per  acre. 

C.  L.  Blaine,  Douglas,  2  acres,  $85.72,  or  $42.86  per  acre. 

Louis  Elbert,  Cooper,  2  acres,  $76.60,  or  $33.30  per  acre. 

Ole  Levold,  Badger,  1  acre,  $45.46. 

O.  E.  Edwards,  Clare,  2  acres,  $81.16,  or  $40.58  per  ac:re. 

T.  W.  Thomas,  Cooper,  4  acres,  $33.10. 

J.  H.  Fialo,  Fulton,  3  acres,  $110.76,  or  $36.92  per  acre, 

Frank  Fiderlick,  Elkhqrn,  one-half  acre,  $21.70. 

Sioux  City.— The  following  is  clipped  from  the  same  journal: 

The  plant  of  the  Sioux  City  Beet  Sirup  and  Preserving  Company  is  in  operation, 
as  far  as  the  machinery  that  has  been  installed  up  to  date  will  permit.  More  machin- 
ery is  expected,  and  the  plant  will  probably  be  in  full  blast  by  January  1, 1902.  It  is 
now  turning  out  all  kinds  of  sirups  and  rock  candy,  besides  jellies,  jams,  apple  natter, 
and  some  mince-meat. 

Negotiations  have  been  completed  for  the  establishment  of  the  plant  of  the  Omaha 
Beet  Sirup  and  Chicory  Company,  at  South  Sioux  City.  The  Omaha  people  take 
$80,000  of  the  $100,000  capital  stock.  The  company  will  be  incorporated  under  the 
title  of  South  Sioux  City  Beet  Sirup  and  Chicory  Company. 

The  beet  sirup  manufactured  by  the  Omaha  Beet  Sirup  Company  received  the 
highest  award  at  the  Pan-American  Exposition  at  Buffalo,  the  prize  being  a  gold 
medal  for  its  excellence.  This  award  was  received  in  competition  with  other  siraps, 
such  as  cane,  maple,  and  sorghum  sirups  from  all  parts  of  the  country.  The  officen 
of  the  company,  including  Manager  Peterson,  are  proud  of  the  showing  made  by  the 
product  of  the  Omaha  factory. 

IDAHO. 

The  State  of  Idaho  passed  a  beet-sugar  bounty  law,  which  was  signed 
by  the  governor. 

MICHIGAN. 

The  following  on  "  Sugar-beet  examination  in  Michigan"  was  written 
by  P.  F.  Trowbridge,  of  the  University  of  Michigan: 

At  the  different  beet-sugar  factories  in  Michigan  two  methods  are  used  for  finding 
the  amount  of  tare  (dirt  adhering  to  the  beets). 
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Fmft  method. — A  half  bushel  of  beets  is  taken  from  each  wagon  or  car  as  a  sample, 
satisfactory  to  both  the  fanner  and  the  factory  representative.  From  this  sample 
20  to  25  pounds  are  carefully  weighed.  These  beets  are  then  well  brushed  with 
bristle  brushes,  and  retopped  if  the  whole  of  the  crown  has  not  been  removed.  The 
beets  are  again  weighed,  and  the  loss  in  weight  computed  to  per  cent  is  reported  as 
the  amount  of  tare. 

Second  method. — ^The  weigheti  sample  is  washed  in  a  revolving  washer,  allow^ed  to 
xlrain  for  a  few  momentj^,  retopped  if  necessary,  and  again  weighed.  The  loss  in 
weight  is  reported  in  terms  of  percentage.  The  second  method  requires  less  labor, 
and  is  more  rapid.  It  is  ali*o  more  nearly  in  acconl  with  the  factory  oj>eration.  The 
first  method  fails  to  remove  every  particle  of  dirt,  but  does  remove  many  small  root- 
lets and  a  small  amount  of  the  outside  of  the  beets,  especially  if  they  have  been 
frozen. 

In  the  second  method  the  adherent  water  tends  to  decrease  tlie  amount  of  tare. 
In  the  following  series  of  experiments,  made  at  one  of  the  Michigan  factories,  care 
was  exercised  to  make  both  samples  from  each  load  as  representative  as  possible. 


Methods  of  determinmg  the  tare  compared. 


Number  of  sample. 

Tare'  by 

fln«t 
method. 

Tare  by 

Hecona 

method. 

Difference. 

• 

1 

Percent. 

8.75 
10.00 
13.75 

7.50 

5.00 
21.25 

8.75 
10.00 
11.25 

Percent. 
6.25 
8.75 

13.75 
7.50 
6.25 

22.50 
6.25 
7.50 

11.26 

Percent. 
2.60 

2 

1.25 

3 

0.00 

A 

0.00 

5 

1.26 

6 

1.25 

7 : 

2.50 

8 

2.50 

9 

0.00 

Avfsrag'ft .     .  .., 

10^14 

10.00 

.14 

The  following  comments  concerning  developments  at  various  points 
in  Michigan  are  taken  from  issues  of  the  Sugar  Beet  Gazette: 

Bay  City. — It  has  been  decided  to  erect  a  plant  at  Ba)'  City  for  the  purpose  of 
utilizing  the  molasses  from  a  number  of  sugar  factories.  The  Saginaw  Sugar  Com- 
pany is  interested  in  the  enterprise.  Just  what  is  to  l)e  protluced  from  the  molasses 
has  not  been  learned.     Cannan  N.  Smith,  of  Minneat)oliH,  is  promoting  the  deal. 

The  Michigan  Chemi(ral  Works,  which  is  to  use  the  residue  molaa<»e8  from  the 
sugar  factories,  will  begin  operations  in  a  few  days.  The  company  has  forty  tank  cars 
of  7,000  gallons  capacity  each,  which  will  bring  the  iholsj^es  from  the  various  fac- 
tories.    From  the  molasses  alcohol  and  potash  will  be  made. 

Carrolltos. — The  Valley  Sugar  Company  have  begun  work  on  their  sugar  plant 
and  are  building  what  they  claim  to  be  the  most  extensive  beet  8he<l8  in  the  world, 
which  are  to  have  a  capacity  of  15,000  tons. 

Lansing. — Since  the  beet-sugar  factory  at  LAnsing  has  l)econie  an  assured  fact  a 
large  number  of  neighboring  farmers  are  plowing  up  their  wheat,  which  is  said  to  be 
in  bad  condition,  and  are  planting  the  ground  to  sugar  iK^ets. 

A  consignment  of  4,200  sheep  have  reache<l  Lansing,  which  will  l)e  fattened  on  the 
beet  pulp  turned  out  by  the  Lansing  Sugar  Company.  The  sheep  arc  the  property 
of  W.  H.  Gilbert,  of  Bay  City,  and  L.  S.  Boutell,  of  Lansing.  Pens  have  been  pre- 
pared at  the  sugar  factory,  and  al)Out  300  will  be  place<l  in  eacli  pen.  Students  from 
the  agricultural  college  will  have  charge  of  each  pen,  to  assit^t  in  fee<ling,  weighing, 
aud  otherwise  caring  for  the  sheep,  and  the  work  will  be  done  in  a  systematic  man- 
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ner,  all  the  details  and  results  being  carefully  noted,  so  that  an  accurate  record  may 
be  had  in  the  spring  of  the  development  of  these  lambs.  Silos  have  been  erected  at 
the  Lansing  factory  at  a  cost  of  $4,000,  and  all  the  conditions  for  a  pucceasful  experi- 
ment have  been  carefully  arranged  so  that  the  results  in  the  spring  should  prove  of 
value  in  determining  the  efficiency  of  sugar-beet  pulp  as  a  feed. 

The  farmers  arc  beginning  to  appreciate  the  value  of  pulp  for  feeding  purposes 
Jhey  are  eagerly  taking  it  from  the  factory,  and  a  number  of  cattle  feeders  in  the 
vicinity  are  hauling  away  large  quantities,  having  found  its  effects  on  their  8toc*k 
most  beneficial. 

Saginaw. — The  farmers  are  now  drawing  considerable  sugar-beet  pulp  from  the 
Saginaw  Sugar  Company's  factory  and  will  use  it  for  feeding  stock.  Those  who  have 
experimented  with  the  product  pronounce  it  excellent  for  fattening  purpose:*,  and  it 
is  now  believed  that  it  will  be  used  extensively  by  growers  who  are  raising  stock  for 
market. 

MONTANA. 

Governor  Toole,  of  Montana,  vetoed  the  bill  which  propK>sed  a  bounty 
of  one  cent  a  pound  on  beet  .sugar  produced  in  the  State,  and  limiting 
the  bountv  to  $40,000. 

Hamilton. — B.  McGinty,  superintendent  of  the  Dal^'  Bitter  Root 
fami,  of  Hamilton,  in  an  interview  in  the  Anaconda  Standard,  said: 

At  present  the  experiment  of  raising  sugar  beets  is  being  conducted,  and  if  the  tests 
are  satisfactory  and  the  land  found  suitable,  it  may  be  that  the  farm  will  l>e  c^m- 
verted  into  a  big  sugar-beet  plantation,  and  a  refinery  built  to  work  the  crop  into  the 
finished  product.  The  experiments  going  on  are  rather  expensive,  but  I  don't  sup- 
pose they  are  anything  to  what  will  be  done  should  the  growing  of  sugar  beets  prove 
successful.  At  present  there  are  fifteen  different  patches  of  beeti«,  which  are  Ixing 
cared  for  by  an  expert  in  that  line.  Every  patch  is  composed  of  a  different  soil,  and 
in  this  way  the  best  results  will  be  obtaine<i.  From  what  I  have  heanl,  and  from 
my  own  j)ersonal  observation,  the  beets  are  doing  fine,  and  there  is  no  reai«on  why 
that  section  of  the  country  should  not  become  an  important  factor  in  the  l)eet-siigiir 
industry.  One  peculiarity  in  the  experiments  is  the  evident  good  results  obtained 
from  all  the  various  soils. 

NEW    YORK. 

BiNGHA3iTON. — The  capacity  of  the  factory  of  the  Binghamton 
Beet  Sugar  Company  Is  being  increased  to  600  tons.  Work  is  well 
along  and  beet  slicing  is  expected  to  begin  early  in  October. 

Rome. — The  factory  at  this  plat»e  has  reached  the  end  of  its  career, 
as  is  shown  in  the  following  item  from  the  Sugar  Beet  Gazette: 

The  real  j>r()[)erty  of  the  first  New  York  beet-sugar  factory  at  Rome  was  sold  at 
receiver's  sale  January  17.  The  purchasers  were  F.  B.  Smith  and  S.  M.  Stevens 
representing  the  bondholders.     The  figure  accepted  was  $18,00(). 

The  machinery,  boilers,  and  fixtures  were  sold  for  the  lx>nd holders  to  Hans 
Brumn,  of  Kiehl,  Germany,  who  intends  to  ship  them  ti>  North  Dakota  and  utilize 
them  in  fitting  out  a  dextrin  factory. 

OHIO.     < 

Fremont. — The  Continental  Sugjir  Company,  in  addition  to  a  larger 
crop  of  it«  own  than  last  year,  purchased  the  beets  which  were  grown 
for  the  Illinois  Sugar  Refining  Company,  at  Pekin,  111.     The  factory 
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has  erected  additional  beet  sheds,  and  has  now  ampio  accommodations 
for  all  the  beets  that  may  be  received. 

ITAH. 

Lehi. — At  a  recent  meetinj^  of  the  directors  of  the  Utah  Sugar 
Company  it  was  decided  to  increase  the  capital  stock  of  the  corpoiu- 
tion  from  $1,(K)0,(K)0  to  *2,0<X),(XX). 

One-half  of  the  money  to  be  mised  from  the  new  issue,  $500,000, 
will  be  used  immediately  in  paying  for  the  Bear  River  Canal  and  the 
30,0<X)  acres  of  land  under  it  recently  purchased  for  the  sugar  com- 
pany by  iManager  T.  R.  Cutler.  The  rest  will  be  retained  in  the 
ti-easury,  it  Ijeing  the  intention  to  erect,  at  some  future  time,  a  new 
factory  in  the  Bear  River  Canal  country,  possibly  near  Corinne. 

VVASHINCfTON. 

Waverly. — Beet  pulp  from  the  sugar  factory  at  Waverlj^  is  being 
successfully  used  to  fatten  300  beef  cattle  on  the  stock  farm  of 
W.  E.  Mann,  near  that  town.     Mr.  Mann  savs: 

I  am  feeding  .'^00  head  of  3  and  4-year-old8  most  succesHfully  on  the  pulp.  The 
cattle  consume  on  an  average  nearly  100  pounds  each  per  day,-  in  addition  to  hay. 
The  animals  are  putting  on  flesh  in  fine  shape — Ijetter  than  3  pounds  a  day. 

The  pulp  from  the  beet-sugar  factory  is  excellent  feed.  It  can  be  kept  in  an  ordi- 
nary silo,  and  is  good  feed  for  a  year,  and  with  care  can  h^  kept  two  years. 

I  secured  the  stock  I  am  now  fattening  from  Okanogan  County.  I  expect  to  begin 
gelling  in  about  thirty  days,  when  the  animals  will  be  in  prime  condition.  This  is 
the  first  season  I  have  experimented  with  beet  pulp  as  fodder.  So  far  there  is  every 
indication  of  success. 

The  beet  pulp  from  the  sugar  factory  is  sufficient  to  fatten  annually  1,000  head  of 
cattle.  I  have  now  ready  250  head  of  fat  steers  which  have  been  fed  on  the  pulp. 
The  experiment  has  been  most  satisfactory.  I  find  it  necessary  to  use  straw  and  hay 
in  small  quantities  with  the  pulp,  and  a  little  grain  is  uood  to  top  off  with  at  the  end 
of  the  feeding  season.  1  anticipate  there  will  be  many  cattle  fattened  next  fall  and 
winter  on  the  l>eet-sugar  pulp. 

WISCONSIN. 

Beaver  Dam. — Quoting  again  from  the. Sugar  Beet  Gazette: 

Many  grow-ers  who  contracted  for  only  2  acres  say  they  will  cultivate  10  next 
season.  Messrs.  A.  R.  Barker  and  C.  C.  (Iroose,  who  went  to  Michigan  as  delegates 
for  the  farmers  here  to  look  over  the  fields  in  that  State,  are  enthusiastic  about 
lieet  culture.  These  gentlemen  have  each  contracted  for  20  acres  this  year,  but  they 
will  increase  their  acreage  to  40  next  season. 

Most  the  bunching  and  thinning  was  done  at  a  cost  of  $7  to  $8  per  acre,  and  strict 
attention  to  instructions  was  paid  by  the  workers. 

IN    GENERAL. 

I 

The  following  items  of  general  information  are  clipped  from  recent 
issues  of  the  Sugar  Beet  Gazette: 

Sugar  syndicates  which  manipulate  the  European  market  predict  that  the 
United  States  will  produce  all  the  sugar  it  needs,  according  to  United  States  Consul 

S.  Doc.  316 6* 
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r^  r.riol:i.dr.a.  At  Vtansae,  iu  a  c«>iiiuianu«tion  to  the  Department  of  State.  It  L't  shorn 
th-i:  R;a;?^ijL  « i^rattny.  France,  and  Knglanil  materially  increased  their  consuniptioa 
ot  ^-ij^'  1a>;  year,  while  Sjiain.  Italy,  and  the  Balkan  Staten  have  prod  need  not  only 
a"  th**  ^.'-^r  iHViie*!  at  home,  but  are  exporting  to  a  small  extent.  Even  Egypt 
u  r.:-  h  Tv%vnrly  waj«  oMitfe^l  to  import  about  oO»000  tons  annually  from  Austria,  now 
exp  rtsf  ':aive  'V^^-^'^^^^i^  *'*  **^<^  I'niteti  States  and  India.  With  reference  tohwi 
ff::jir  tre  «^*n5«l  i«\-^  that  it  is  a  surprisiing  fact  that  the  United  States,  with  millions 
^'l  a.rv*  •>!  vinnn  soil  and  !mpn.>ve*l  machinery,  ha4»  such  a  comparatively  Fnufl 
a^-rwL:^'  t-lan:ed  in  soa^sir  bet'ts  and  so  few  sugar  factories. 

Tht*  Aniorlv^a  Beet  Sujjar  Comjiany  reports  for  the  year  ended  December  31  brt: 

S^^iTir  ;oHiuv\>«l poun<ls.  _  33, 3eM, SOO 

T'^ial  vT\>iii $1,  ftM,  TOT 

T  t.V.  »>t?t  of  .^ivratiiwr l,16rt,240 

Frviirh;  on  stiarar 97. 301 

T^tai 1,263,M1 

T^ra:  pn^dt  tn^ni  itineration 6*58,  \^ 

Tola,  iv^t  o:  mainteuaniv 242,  ^ 

Kiiaiuv 425.  ©6 

Auior;>r  the  prinv'i{«l  iioms  of  the  balance  sheet  of  December  31  are:  Treaaify 
<tix'k.  $l.»^XX>.nX>:  ca^h  on  hautl,  $97,458;  estimateil  value  of  sugars  on  hand,  |229.tX^X 
Tlie  t^tiinattHl  surplus  ai'\^>anl  for  the  fiscal  year  ending  June  30,  1901,  8how!<:  ToUl 
cn>iiis  of  i*aiii}>ai^i  $.Ml.;itv>,  K^p  $85,728;  net  factory  profits  of  campaign,  ^25,*%^, 
less  i::^*noral  ex|vnA^  and  interest,  $130,000:  balance,  $295,635,  lees  preferred  diWdecda. 
$24i\iXXV  net  prv^tits.  Kv»,tv>5. 

A  ivsiuno  of  the  output  of  beet  and  cane  sugars  in  European  coun- 
tries inav  Ix*  uiaile  as  follows: 

1  hit f tut  ♦»;' hiti  atni  irine  migttrs  in  Etirof^. 


louiurv. 


Bool  >ivcHr: 

A'.>;  r*  A 

Cnniisny 

Fnin»  o 

Ru'^irt 

Bolsrium 

Ho^.^iui 

IVr.mnrk 

SwtMtM) 

RoumaniH,  Itnly.aiui  Spnio 


Total 
Cane  Murar 


it  rami  total. 


18»^99. 

ij<»-ia.ii. 

190-1101. 

7bn#. 

TbM. 

TmK 

1»  012. 000 

1,099.000 

lOTo^m 

1,720.000 

1.791.000 

1.900.0iff 

7S2.000 

919.000 

1.07^.000 

75f>.000 

89K000 

90l\OQO 

209.000 

270.000 

zaskm 

150.000 

170,000 

179.  tm 

40,000 

41.000 

Bo,(«e 

60,000 

81.000 

iie.iW 

40,000 

110.000  J 

ieD.oa» 

4,798,000 

5.S79.000 

^7^«i 

2,6M.000 

2,412,000 

2,907.110 

7,452,000 

7,821,000 

S,  637,000 

The  results  that  will  Ix*  obtained  fi-om  b€>ets  eontaininpf  12  per  cent 
su^ir  under  varyintj  purities  in  the  same  factory  and  b\'  the  same 
process  of  manufacture  are  shown  in  the  following  table: 
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Variance  in  proportions  of  molcutges  and  tugar. 


Sugar  in 
beet. 

Purity  co- 
efficient. 

MoIas8e8. 

Sugar. 

Per  ceni. 

Per  ceni. 

Percent. 

12 

70 

5.12 

6 

12 

72.6 

4.45 

6.67 

12 

75 

8.82 

7.29 

12 

77.5 

3.25 

7.87 

12 

80 

2.70 

^.42 

12 

82.5 

2.19 

8.93 

12 

85 

1.70 

9.42 

12 

87.6 

1.24 

9.88 

12 

90 

.80 

10.32 

FORMS  OF  CONTRACTS. 

Below  1  give  the  forms  of  two  contracts,  one  made  by  a  sugar  com- 
pany with  the  farmers  growing  beets,  and  the  other  by  a  sugar  com- 
pmny  with  laborers  hired  by  it  to  grow  beets  on  itfl  own  land. 

These  contracts  are  given  as  typical  of  such  agreements  where 
sugar-beet  factories  are  established.  The  first  shows  the  require- 
ments of  the  factories,  the  scale  of  prices  paid  for  beets,  etc.  The 
second  gives  an  idea  of  the  work  performed  by  the  laborer,  and  what 
he  receives  per  acre  for  such  work.  He  is  supposed  to  perform  all 
the  labor  necessary  in  growing  a  crop  of  beets,  except  that  which 
must  be  performed  with  a  team  in  plowing,  cultivating,  and  deliver- 
ing the  beets  to  the  factory. . 


CONTRACT  BFTWESK  SUGAR  COMPANY   AND   FARMSR. 


This  agreement  made  and  entered  into  this 
(a  corporation) ,  the  first  party,  and  - 


day  of 


■,of 


190-,  between 
,  second 


party,  witnesseth: 

That  the  first  party  agrees  to  purchase  from  second  party  any  and  all  l)eet8  he  may 

grow  from  seed  that  may  be  sown  by  the  first  party  on  the acres  of  land 

hereby  agreed  upon,  that  do  not  weigh  over  three  and  one-half  pounds  each,  to  be 
delivered  by  the  said  second  party  as  required  by  first  party  at  the  following  prices 
and  on  the  following  conditions  and  not  otherwise,  to  wit:  For  any  and  all  l)eets 
that  naay  be  ordered  by  the  first  party  from  second  party  during  the  months  of  Sep- 
tember and  October,  1900,  the  said  first  party  will  pay  the  said  second  party  on  the 
15th  of  each  month  for  all  beets  that  have  been  delivered  during  the  preceding  month 
the  sam  of  $4.50  per  ton. 

The  first  party  further  agrees  that  during  said  months  of  September  and  Octol)er 
it  will  take  at  said  price  from  said  second  party  any  and  all  beets  grown  upon  said 
land  that  have  an  average  polarization  of  not  less  than  14  per  cent  saccharine  and  80 
per  cent  purity,  pro\aded  said  beets  are  delivered  in  a  proper  manner  under  first 

party's  direction,  in  the  sheds  of  the  said  first  party,  at ,  or  on  cars  at , 

at  option  of  first  party,  at  cost  of  second  party,  in  first-class  condition,  with  the  tope 
closely  and  squarely  cut  off  at  the  base  of  the  last  or  bottom  leaf.  The  beets  so 
delivered  shall  reach  all  the  requirements  of  this  agreement,  and  not  contain  any 
diseased,  frozen,  damaged,  or  improperly  topped  beets,  nor  any  beet  that  weighs 
over  three  and  one-half  pounds,  othen^-ise  the  entire  load  so  being  delivered  may  be 
rejected.  The  dirt  weighed  with  the  beets  shall  be  tared  and  deducted  from  the 
groes  weight  by  the  first  party  in  its  customary  manner  and  shall  be  conclusive.    In 
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case  any  part  of  fuiid  beete  are  not  ordered,  or  if  any  part  of  patch  has  been  Ptopped 
beinuse  of  the  polarization  not  holding  up  to  the  standard  as  per  thia  agreement 
before  the  first  day  of  November,  A.  D.  1900,  then  first  party  agrees  with  second  party 
that  it  will  purchase  any  and  all  beets  not  so  ordered  or  delivered  on  and  after  said 
first  day  of  November,  1900,  and  until  and  including  the  30th  day  of  November,  19(», 
that  may  be  raiseii  on  the  said  land  as  aforesaid  that  polarize  not  less  than  12  per 
cent  saccharine  with  80  per  cent  purity,  and  no  others,  at  the  following  average  polar- 
izations and  following  prices  per  ton,  to  wit: 


Sacchartne 


Frr  mU. 
14 
13 
12 


Purity 


Po'  rent. 
80 
80 
80 


Price. 


94.50 
4.25 
4.00 


For  all  beets  delivered,  payments  to  be  made  on  the  15th  day  of  the  suci-eeding 
month  thereafter.  After  the  30th  of  November,  1900,  it  shall  be  optional  with  the 
first  party  whether  or  not'  it  accepts  any  beets  that  have  not  l)een  delivere<l.  The 
secx>nd  party  hereby  agrees  to  prepare  said  land  in  first-class  ix)ndition  for  the  plant- 
ing of  said  beet  Hee<l,  cultivate  and  harvest  in  a  husbandlike  manner acres  of 

sugar  beets  on  the  land  agreetl  upon,  and  protect  them  from  the  frost  and  sun  while 
being  harvesteil  and  delivered,  and  to  deliver  them  at  the  times  and  places,  and  in 
the  manner  set  forth  in  this  contract  for  the  prices  above  named,  to  t)e  paid  as  aliove 
set  forth;  and  further  agrees  to  pay  the  first  party  the  sum  of  $2.75  per  acre  for  the 
furnishing  of  the  seed  and  planting  the  said  land,  which  may  be  done  by  the  fint 
party  as  fast  as  circumstances  will  permit. 

To  ascertain  the  quality  of  said  beets  the  first  party  shall,  at  various  times  during 
the  growing  and  har\'esting  season  of  1900,  also  at  times  of  deliver}^  sample  and 
polarize  in  its  usual  manner. 

During  the  month  of  November,  1900,  not  less  than  ten  average  beets  per  acre  shall 
be  taken  by  the  first  party  to  ascertain  the  value  of  all  beets  that  have  not  been 
ordered,  and  shall  be  conclusive.  During  the  month  of  November  the  second  party 
may  deliver  beets  as  fast  as  they  may  desire  if  the  said  beets  reach  the  reqairem^its 
of  the  contract. 

This  contract  is  personal  and  not  transferable. 


CONTRACT   BETWEEN   THE  SUGAR  (X)MPANY    AND  THE   FARM    LABORER. 

This  agreement,  made  and  entered  into,  in  duplicate,  this day  of ,  A.  D,, 

190-,  by  and  l)etween Beet  Sugar  Company,  i«irty  of  the  first  part,  and 

,  party  of  the  second  {)art. 


Witnesseth,  That  for  and  in  consideration  of  the  promises  and  agreements  herein- 
after set  forth,  said  first  party  has  hi  reel  and  employeil  sai<l  second  party,  and  »id 
second  party  has  agreed  and  does  hereby  agree  to  bunch,  thin,  hoe,  keep  free  from 
wetxls  and  in  a  first-class  condition,  satisfactory  to  said  first  [larty  or  to  its  agent, 
until  such  time  as  the  crop  shall  l)e  ready  for  laying  by,  and  then  when  directed  to 
harv'est  said  crop,  then  to  pull,  top,  and  pile  together,  all  to  be  done  as  instructed, 

acres  of  sugar  beets  near ,  County  of and  State  of ,  and 

being  on  section ,  township ,  range . 

In  consideration  of  faithful  performance  by  said  second  party,  as  hereinbefore  set 
forth,  said  first  party  has  agreed  to  and  will  pay  to  said  second  party,  from  time  to 
time  as  earned,  the  several  sums  following: 
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$6  per  acre  after  the  bunching  and  thinning  of  l)eet8. 

$4  per  acre  when  the  entire  summer's  work  is  done. 

$2  per  acre  when  the  harvesting  is  commen<'e<l. 

$6  per  acre  when  the  balance  of  the  work  has  l)een  done  and  the  harvest  is 

completed,  which  time  will  be  not  earlier  than  November next. 

For  each  ton  of  beets  at)ove  an  average  of  ten  tons  per  acre  raised  by  party  of  the 
second  part  under  this  contract,  the  party  of  the  first  part  agrees  to  pay  to  party  of 
the  second  part  the  sum  of  t50  cents  per  ton  as  a  bonus  over  and  above  the  contract 
price  per  acre. 

It  has  been  further  expressly  agree<i  that  in  case  said  second  party  fails  in  any  way 
to  do  and  perform  as  he  has  agreed  to  do,  that  then  and  in  such  case  said  second 
party  hereby  expressly  consents  that  said  first  party  may  hire  such  work  to  be  done 
as  may  be  necessary  to  do  as  said  secoml  party  has  undertaken  to  do,  and  as  against 
this  contract  charge  up  said  charges,  the  difference,  if  any,  accruing  to  said  second 
party  to  be  paid  to  him,  or  in  case  of  any  deficiency  he  agrees  to  pay  the  same  to 
sud  first  party  on  demand,  and  during  the  term  of  this  contract  he  expressly  grants 
to  said  first  party  and  its  employees  the  right  to  the  full  and  entire  possession  of  the 
premises  where  said  sugar  beets  are  grown. 


In  presence  of: 


PRICES   PAID   AT  DIFFERENT  FACTORIES. 

The  following  sections  are  taken  from  different  printed  contracts 
between  the  companies  and  the  farmers  and  indicate  the  various  prices 
paid  for  beets  by  the  different  companies: 

All  sound  beets  to  be  bought  and  paid  for  by  said  factory  at  the  following  rates, 
viz: 

All  beets  containing  fourteen  (14)  per  cent  of  sugar  or  less,  four  ($4)  dollars  per 
ton,  and  an  additional  twenty-five  (25)  cents  per  ton  for  each  and  every  one  (1)  per 
cent  of  sugar  above  fourteen  (14)  per  cent,  fractions  in  proportion. 

An  additional  sum  of  twenty  (20)  cents  per  ton  will  be  paid  for  each  and  every 
ton  of  beets  siloed,  when  delivered  at  the  factory,  after  November  15th. 

Beets  to  have  the  tops  squarely  cut  off  so  as  to  remove  the  entire  portion  on  which 
leaves  have  grow^n,  and  to  be  subject  to  the  usual  tare  for  dirt  and  improper  topping. 

For  beets  containing  12  per  cent  of  sugar  and  under  13  per  cent  to  the  weight  of 
the  beets,  $4.25  per  ton  of  2,000  pounds;  13  per  cent  and  under  14  per  cent,  $4.58§; 
14  per  cent  and  under  15  per  cent,  $4.91|;  15  per  cent  and  under  16  per  cent,  $5.25, 
and  33J  cents  per  ton  for  each  additional  full  1  per  cent  of  sugar  content.  All  beets 
to  have  a  coeflBcient  of  purity  of  80  or  more. 

For  any  and  all  beets  furnished  and  delivered  in  accordance  with  the  provisions 
of  this  contrat^t  the  first  party  agrees  to  pay  the  sum  of  $4.50  per  ton,  such  payment 
to  be  made  on  or  about  the  15th  day  of  each  month  for  all  beets  delivered  during 
the  previous  month. 

And  the  said  party  of  the  first  part  agrees  to  pay  to  the  party  of  the  second  part 
for  all  beets  delivered  at  its  factory  as  follows: 

For  beets  containing  12  per  cent  of  sugar  to  the  weight  of  the  beet,  and  under  16 
per  cent,  $4  per  ton  of  2,000  pounds;  for  beets  containing  16  per  cent  of  sugar  to  the 
weight  of  the  beet,  and  under  17  per  cent,  $4. 33 J  per  ton;  for  beets  containing  17  per 
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cent  of  sugar  to  the  weight  of  the  beet,  and  under  18  per  cent,  $4.66}  per  ton;  for 
beets  containing  18  per  cent  of  sugar  to  the  weight  of  the  beet,  and  under  19  per  cent, 
$5  per  ton;  and  33}  cents  additional  advance  per  ton  for  each  and  every  per  cent 
thereafter. 

Should  any  of  the  beets  contain  less  than  12  per  cent  of  sugar  to  the  weight  of  the 
beet,  and  78  per  cent  purity,  the  price  paid  per  ton  will  be  $3  for  all  such  beeta 
accepted  at  the  factory;  but  the  said  first  party  reserves  the  right  to  accept  at  its  foe- 
tory  only  such  beets  as  it  may  deem  fit  for  manufacturing  purposes. 

For  any  and  all  beets  furnished  and  deliveted  in  accordance  with  the  provisions  of 
this  contract,  the  first  party  agrees  to  pay  the  sum  of  four  dollars  and  fifty  cents 
($4.50)  per  ton,  such  payment  to  be  made  on  or  about  the  fifteenth  day  of  each 
month  for  all  beets  delivered  the  previous  month. 

Said  first  party  shall  pay  said  second  party  the  sum  of  $4  per  ton  for  the  same; 
provided,  however,  said  beets  shall  contain  not  less  than  12  per  cent  nor  more  than 
14  per  cent  sugar  to  the  weight  of  beet,  with  a  purity  coefiScient  of  80. 

FEEPING  SUGAR-BEET  PUIJ»  IN   EUROPE. 

1  inclose  a  copy  of  the  report  made  by  United  States  Consul  Baehr, 
at  Magdeburg,  Germany,  on  the  ^^  Rations  for  cattle  and  sheep  with 
sugar-beet  pulp." 

Probably  in  no  other  countr}^  in  the  world  has  the  feeding  of  beet 
pulp  been  studied  and  tested  more  extensively  or  scientifically  than  in 
Germany,  This  report  will  be  very  interesting  at  this  time  as  giving 
the  conclusions  reached  after  years  of  experience. 

The  metric  system  is  used  throughout,  weights  being  given  in  kilo- 
grams. After  each  item  I  have  inserted  in  parenthesis  the  equivalent 
in  pounds. 

In  the  headlines  introducing  each  of  the  various  food  rations,  the 
consul  gives  the  number  of  pounds  of  'Mry  matter"  entering  into  the 
ration.  This  refers  to  the  ration  free  from  moisture.  In  the  ration 
itself  the  weight  given  to  each  item  refers  to  the  food  with  its  natural 
moisture. 

RATIONS  FOR  CATTLE  AND  SHEEP  WITH   SUGAR-BEET  PULP. 

There  is  no  difference  between  the  results  of  feeding  fresh  palp  and  that  which  has 
been  stored  in  a  silo.  Both  kinds  have  the  same  effect  and  are  therefore  used  in 
equal  quantities.  The  difference  between  them  is  that,  according  to  the  manner  of 
storing,  from  15  to  30  per  cent  of  the  substance  is  lost  by  the  storing  in  the  silos. 

In  the  following  tables  moist  pulp  is  referred  to: 

J.  Dmfi  oxen  with  fair  amount  of  work. 

Food  requirements  per  1,000  kilograms  (2,200  pounds)  live  weight,  per  day  25 
kilos  (55  pounds)  dry  substance,  containing  about— 
2.0  kilos  (4.4  pounds)  protein. 
0.5  kilos  (0.11  pounds)  fat. 
11.5  kilos  (25.3  pounds)  carbohydrates. 
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Kquiva- 

Bation  recommended:                                                                              Kil<w<.  (¥>iind». 

Fresh  pulp fiO      .      1 32 

Meadow  hay (3  13.2 

Summer  straw 5  11 

Winter  straw 5  11 

Malt  sprouts 2  4. 4 

Cotton-see<l  cake 2. 5  5. 5 

Ration  for  same  with  less  work: 

Fresh  pulp 40  88 

Winter  straw «  17.6 

Pulse  chaff 12  26.4 

Cotton-eee<l  cake 1.5  3. 3 

//.  Dainf  rowx. 

YootX  requirements  per  1,000  kilos  (2,200  poundn)  live  weight,  per  clay  about  27 
kilos  (59,4  pounds)  dry  substance,  containing — 

2  kilos  (4.4  pounds)  protein. 

0.4  kilos  (8.8  pounds)  fat. 

11  kilos  (24.2  pounds)  carbohydrates. 

Rations  recommen<led  to  produce  from  7.5  kilos  ( 16.5  pounds)  milk  <lailv:  Eqniva- 

No.  1. —  (xmnds. 

Fr^hpulp 30  66 

Clover  hay 5  11 

Meadow  hav - 5  11 

Oat  straw 5  11 

Wheat  chaff 3  6.6 

Malt  sprouts 2  4.  4 

Oat  bran 1  2.2 

P^m-seed  flour 2  4. 4 

Rice-seed  flour 1.5  3. 3 

Meal  flour 5  1.1 

No.  2.— 

Fresh  pulp 40  88 

Lucem  hay 5  11 

Clover  hay 3  6. 6 

Meadow  hay 4  8. 8 

Winter  straw 8  17.  6 

Rye  bran 1  2.2 

Coarse  wheat  bran 2  4. 4 

Cotton-seedcake 5  1.1 

No.  3.— 

Fresh  pulp 50  110 

Clover  hay 6  13. 2 

Meadow  hay 5  11 

Summer  straw 4  8. 8 

Linseed  cake 2  4. 4 

Sesame  flour 1.5  3.3 

Winter  straw 3  6. 6 

Rations  recommended  to  produce  10  kilos  (22  pounds)  of  milk  daily  per  1,000 
kilos  (2,200  pounds)  live  weight  per  day,  about  29  kilos  (63.8  pounds)  dry  matter 
containing — 

2.5  kilos  (5.6  pounds)  protein. 
0.5  kilos  (1.1  pounds)  fat. 

14.4  kilos  (31.6  pounds)  carbohydrates. 
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Bations  recommended  to  produce  10  kilos  (22  pounds),  etc. — Cont'd.  Eqair^ 

No.  1. —                                                                                                                       KiloK.  pmxDds 

Fr^h  pulp 35  77 

Meadow  hav 4  8. 8 

Clover  hay 6  13.2 

Oat  straw 4  8. 8 

Wheat  chaff 3  6.6 

Moist  beer  grains 20  44 

Malt  sprouts 2  4. 4 

Rape-seed  cakes '  2. 5  5. 5 

No.  2.— 

Fresh  pulp 45  99 

Clover  hay 0  19. 8 

Summer  straw 6  13. 2 

Winter  straw 3  6. 6 

W  heat  chaff 2  4. 4 

Peanut  cake 2. 5  5. 5 

Palm-see<l  cake 5  11 

///.  Fatted  cnith. 

Food  requirements  per  1,000  kilos  (2,200  pounds)  live  weight  per<iay,  30  kilos 
(66  pounds)  dry  matter  containing — 
3  kilos  (6.6  pounds)  protein. 
0.7  kilos  (1.54  pounds)  fat. 
14.5  kilos  (31.9  pounds)  carlwhydrates. 
Ration  recommended: 

Equira- 

lent  in 

Kilop.  poandfl. 

Fresh  pulp : 50  110 

Clover  hay 6  13. 2 

Lucern  hay G  13. 2 

Barlev  straw 6  13. 2 

Moist  l)eer  grains 20  44 

Bruised  com 3  6. 6 

Peanut  cake 1  2. 2 

TV.  Fatted  nheep. 

Food  requirements  per  1,000  kilos  (2,200  pounds)  live  weight,  per  day,  alwit  28 

kilos  (61.6  pounds)  dry  matter  containing: 

3.5  kilos  (7.7  pounds)  protein. 

0.6  kilos  (1.32  pounds)  fat. 

14.5  kilos  (31.9  pounds)  carbohydrates. 

Kqniva- 

^     .                              J    1  lent  In 

Rations  recommended :                                                                              Kilos,  pounds. 

Fresh  pulp 50  110 

Lucern  hay 12  26. 4 

Straw 8  17.6 

Rye  flour 5. 5  12. 1 

Rape-seedcakes 4  8.8 
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V.   Grfrunng  cattle. 

Six  to  8  months  old,  weighing  about  250  kiloe  (550  poiindg),  daily  fodder  to  con- 
tain about  6.3  kiloH  (18.86  pounds)  dry  Hubetance  with 
0.63  kilos  (1.386  pounds)  protein. 
0.2  kilos  (4.4  pounds)  fat. 

3.4  kilos  (7.48  pounds)  carbohydrates. 

Equiva- 
_     .  ,    ,  ^  lent  in 

Rations  recommend<Hl :  KUor.  pounds. 

Freeh  pulp 10  22 

Meadow  hav ' 4  8. 8 

Summer  straw 2  .    4. 4 

O&ta 1  2.2 

Sesame  cake  ... 5  1.1 

Linseed : 13  .286 

For  same,  agea')'mt  12  to  IS  months,  weight  a])out  340  kilos  (748  pounds),  daily 
rations  to  contain  per  hea<l  about  8.2  kilos  (18,04  pounds)  dry  sul)stance  with 
0.7  kilos  (1.54  poumls)  protein. 
0.2  kilos  (0.44  pounds)  fat. 

4.2  kilos  (9.24  pounds)  carbohydrates, 

Eqnlva- 
_     .  -    ,  ~  lent  in 

Rations  recommende<t :  Kilos,      pounds. 

Fresh  pulp 10  22 

Meadow  hay 4  8. 8 

Summer  straw 3  6. 6 

Oats 1  2.2 

Malt  sprouts 5  1.1 

Palm-see<l  cake 5  1.1 

Sesame  cake 25      .55 

VI.  Gromng  sheep;  age,  8  to  11  months;  weight ,  40  kihs.  {101.;^  pounds). 

Foo<l  requirements  per  100  sheep  j)er  day  alK)Ut  111  kilos.  (244.2  })ounds)  dry  sub- 
stan(*e,  with— 

14  kilos.  (30.8  pounds)  protein. 

2.5  kilos.  (5.5  pounds)  fat. 

66  kilos.  (145.2  pounds)  carbohydrates. 

Equiva- 

Rations  recommended:  Kilos,    pounds. 

Fresh  pulp 100  200 

Meadow  hay 50  110 

Pulse  chaff 20  44 

Oat  chaff : 10  22 

Linseed 15  3i? 

Rape-seed  cake 15  33 

Rye  flour 10  22 

Wheat  flour 10  22 


CONTRIBUTIONS  FROM  THE  BUREAF  OF  PLANT 

INDUSTRY. 


Prepared  Under  the  Direction  of  B.  T.  Galloway,  Chief. 


LETTER  OF  SUBMITTAL. 

IT.   S.   DKPARTMfiNT  OF  AoRICULTrRB, 

Bureau  of  Plant  Industry, 

WaMngton,  D.  C,  March  27,  1902, 
Sir:  I  herewith  Bubmit  for  publication  as  part  of  the  report  on  the  beet^sagar 
industry  a  paper  on  **Some  diseases  of  the  sugar  beet,"  by  C.  O.  Townsend,  and  a 
pai)eroh  "Sugar-lieet  seed:  Production  and  testing,"  by  A.  J.  Pieters.  Both  papers 
were  prepared  under  my  direction,  the  writers  being  members  of  the  force  employed 
in  this  Bureau. 

Respectfully,  B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wiuson, 

Secretary, 


SOME  DISEASES  OF  THE  STJOAB  BEET. 

By  C.  0.  TowNSEND,  of  the  Bureau  of  Plant  Industry. 

INTRODUCTORY. 

Owing  to  the  rapid  extension  and  development  of  the  already 
important  sugar-beet  industry  in  the  United  States,  and  in  view  of  the 
enormous  losses  that  have  been  sustained  by  the  sugar-beet  growers 
during  the  past  several  years  through  the  agency  of  plant  dLse-aseei, 
the  Office  of  Vegetable  Physiology  and  Pathology  has  begun  a  special 
study  of  these  diseases  for  the  purpose  of  determining  the  most  prac- 
tical means  by  which  the  losses  from  this  source  may  be  avoided.  In 
accordance  with  this  plan,  this  work  was  taken  up  at  the  beginning  of 
the  present  fiscal  year  and  it  is  the  object  of  the  writer  at  this  time  to 
consider  briefly  the  most  important  diseases  of  the  sugar  beet  that 
have  come  to  his  attention  durinsr  the  past  season,  together  with  some 
of  the  problems  that  these  diseases  present  to  the  practical  grower, 
viz,  the  suppression  or  control  of  the  fungous  diseases  and  other 
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influences  unfavorable  to  the  production  of  sugar  beets.  Most  beet 
growers  in  all  sections  of  the  country,  even  in  those  sections  where 
the  beets  have  been  grown  but  a  few  seasons,  realize  that  a  proper 
anderstanding  of  the  nature  and  treatment  of  the  diseases  of  the  sugar 
beet  is  necessary  to  the  attainment  of  the  best  results  in  the  production 
of  this  crop.  While  this  is  tine,  there  are  growers  in  nearly  all  sec- 
tions who  have  not  yet  learned  to  distinguish,  in  all  cases,  between  the 
normal  and  the  abnormal  beet. 

There  is  no  time  in  the  life  of  the  beet  when  it  is  not  subject  to 
attack  from  one  or  more  forms  of  disease.  The  disease  may  be  pro- 
duced by  unfavorable  conditions  of  soil  or  climate,  or  by  an  attack  of 
some  parasite  upon  or  in  some  part  of  the  beet.  It  not  infrequently 
happens  that  unfavorable  conditions  of  weather  and  soil  combine  with 
parasitic  attacks  to  produce  disease.  These  fungous  diseases  maj^ 
result  in  the  entire  destruction  of  the  crop  on  the  area  aflFected,  or  the 
beets  may  continue  to  live  but  be  greatly  reduced  in  size  or  quality  or 
both,  causing  a  heavy  loss  in  tonnage  and  in  the  yield  of  sugar.  Any 
condition  which  interferes  with  the  proper  development  of  the  leaves, 
either  by  reducing  their  size  or  by  prematurely  destroying  them',  in 
whole  or  in  part,  tends  to  reduce  the  sugar  content  of  the  beet,  both 
directly  and  indirectly;  directly,  because  all  sugar  is  first  formed  in 
the  leaves  under  the  influence  of  heat  and  light;  and  indirectly, 
because,  when  the  leaves  are  injured  or  destroyed,  the  tendency  is  for 
new  leaves  to  be  formed,  and  this  takes  place  at  the  expense  of  the 
sugar  stored  in  the  root.  The  root  acts  only  as  the  storehouse  for  the 
sugar  and  plays  no  part  directly  in  its  production. 

Three  conditions  especially  harmful  to  the  sugar  beet  are  drought, 
excessive  moisture,  and  alkaline  soils.  A  deficient  supply  of  moisture 
in  the  soil  at  any  time  during  the  growing  season  often  permanently 
injures  the  plants  so  that  their  normal  development  is  impossible. 
The  earlier  in  the  life  of  the  plant  that  this  injury  is  produced,  the 
more  harmful  are  its  results.  It  seems  to  be  practicall}'  impossible 
for  beets  to  recover  entirely  from  a  serious  injury  of  this  kind.  On 
the  other  hand,  excessive  moisture  in  the  soil  maj^  result  in  an  abnor- 
mal development  of  the  top  at  the  expense  of  the  size  or  quality  of 
the  root,  or  even  in  the  decay  and  death  of  the  plant.  This  latter 
rasult  is  often  hastened  by  the  action  of  parasitic  fungi,  especially  if 
an  excessively  wet  period  follows  a  period  of  marked  dryness. 
Although  the  sugar  beet  is  capable  of  withstanding  the  effects  of  a 
larger  percentage  of  alkaline  substances  in  the  soil  than  most  of  the 
other  economic  plants,  there  is  a  limit  beyond  which  the  health  of  the 
plant  is  seriously  affected,  especially  during  the  early  stages  of  growth. 

The  most  destructive  parasites  on  the  beet  are  insects,  fungi,  and 
bacteria.  Insects  may  be  injurious  to  the  beet  directly  by  attacking 
some  part  of  the  plant;  indirectly,  by  acting  as  carriers  of  fungous 
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spores  or  bacteria,  or  by  so  injuring  the  leaves  or  roots  of  the  beet 
that  fungi  and  bacteria  find  ready  entrance  into  the  tissues  of  the 
plant.  It  is  claimed  by  some  investigators  that  nearly  all  the  attacks 
of  certain  forms  of  fungi  are  preceded  by  injuries  produced  either 
mechanically,  as  in  the  operations  of  cultivation,  or  by  insect  bites. 
In  their  direct  influence  upon  plants  insects  are  treated  from  the  .stand- 
point of  entomology,  and  therefore  will  not  be  considered  in  this 
connection. 

The  diseases  of  the  sugar  beet  that  have  done  the  mo{?t  serious  dam- 
age during  the  past  season  (1901)  are  the  following:  Damping  off; 
curly  top  or  blight,  sometimes  called  Western  blight,  bacterio^is,  or 
California  beet  disease;  leaf  spot,  leaf  rust,  leaf  scorch,  crown  rot, 
root  rot,  s<*ab,  and  gall,  or  crown  gall.  Other  diseases  have  done 
more  or  less  damage,  but  as  a  rule  the\'  have  been  somewhat  local  and 
less  serious  in  their  results  than  those  mentioned.  It  should  be  stated 
in  this  connection  that  considerable  work  along  the  line  of  sugar-beet 
diseases  is^now  in  progress  under  the  direction  of  the  United  States 
Department  of  Agriculture,  the  results  of  which  are  not  yet  readv  for 
publication.  In  addition  to  the  work  that  has  been  undertaken  by  the 
writer,  some  important  investigations  are  being  carried  on  by  Mr. 
George  G.  Hedg(»ock,  of  Lincoln,  Nebr.,  a  scientific  aid  in  the  Bureau 
of  Plant  Industry.  The  re^sults  of  these  investigations  will  be  made 
public  as  soon  as  definite  practical  results  are  reached. 

DAMPING   OFF. 

During  the  past  season  one  of  the  most  potent  factors  in  producing 
loss  and  inconvenience  to  the  beet  growers  in  many  beet-growing  sec- 
tions was  the  so-called  damping  off  of  the  young  plants  at  or  btelow  the 
surface  of  the  ground  soon  after  they  came  up  and  before  the}'  reached 
their  first  cultivation,  or  even  before  thev  were  thinned.  The  cause  or 
causes  of  this  disease  are  not  definitely  known.  It  may  be  due  to  a 
so-called  damping-off  fungus,  or  it  may  be  due  to  unfav^orable  con- 
ditions of  soil  or  weather.  Unfortunatelv  the  work  wa&  besrun  too 
late  last  season  to  determine  these  points.  In  any  c»se,  the  leaves  of 
the  seedlings  turn  j^ellow,  the  roots  take  on  a  brownish  color,  and  the 
plants  soon  fall  over  and  die.  It  is  difficult  to  know  just  when  the 
disease  begins  its  attack,  but  there  is  reason  to  believe  that  the  seed- 
lings are  often  attacked  before  they  have  broken  through  the  ground. 
This  is  especially  true  in  those  sections  of  the  country  where  the  soil 
is  of  such  a  nature  that  it  forms  a  crust  on  the  surface  after  the  seeds 
are  planted  and  before  they  have  had  time  to  come  up,  or  even  after  the 
young  seedlings  are  up.  In  such  cases  fungi  need  play  no  part  in  the 
destruction  of  the  plants,  and  often  no  fungi  are  found  in  connection 
with  the  dead  or  injured  seedlings.  In  other  beet-growing  areas 
where  the  soil  is  such  that  a  crust  does  not  readily  form,  we  frequently 


PROt^RESS   OF   THE   BEET-8UGAR   INDUSTRY.  93 

find  the  young  plants  dying  off.  This  may  be  due  to  a  lack  of  moisture 
or  to  the  influence  of  parasitic  fungi.  Jlence,  we  see  that  several  very 
diflferent  causes  may  produce  the  damping-off  effect.  In  case  a  soil 
crust  is  formed  it  .should  be  broken  up  as  soon  as  possible.  For  this 
purpose  the  harrow  is  probably  the  best  implement  to  use.  It  should 
be  just  heavy  enough  to  break  the  crust,  without  doing  serious  injury 
to  the  young  seedlings  that  may  have  already  formed  under  the  crust. 
Perhaps  the  weeder  will  be  found  useful  for  this  purpose.  Some 
growers  use  a  roller,  while  others  use  an  ordinary  dmg.  The  former 
is  liable  to  crush  or  bruise  the  young  plants^  while  the  latter  may  pull 
the  seedlings  out  of  the  ground.  Some  writers  recommend  the  use 
of  fertilizers,  such  as  phosphorus  and  lime,  to  prevent  the  formation 
of  the  soil  crust. 

If  a  damping-off  fungus  proves  a  serious  pest  it  must  be  avoided 
either  by  crop  rotation  or  by  the  treatment  of  the  seed  or  of  the  soil 
with  a  fungicide.  In  this* connection  it  should  be  stated  that  a  failure 
to  get  a  stand  is  sometimes  due  to  too  deep  planting.  No  fixed  rule 
can  be  given  for  the  depth  of  planting  in  all  the  different  conditions 
of  soil  in  the  various  beet-growing  sections,  but  experience  seems  to 
teach  that  the  seed  should  not  be  covered  to  a  greater  depth  than  li 
inches. 

CURLY  TOP   OR  BLIGHT. 

This  disease,  apparently  known  under  different  names  in  different 
paiis  of  the  country,  has  done  more  damage,  especially  in  the  West 
and  middle  West,  than  all  other  diseases  combined.  In  regard  to  the 
distinguishing  characteristics  of  this  disease  there  is  more  or  less  con- 
fusion, which  arises  chieflv  from  the  fact  that  the  various  abnormal 
appeaiunces  accompanying  the  blight  ma}'  l)e  produced  by  one  of  sev- 
eral causes.  In  general,  however,  it  may  be  stated  that  the  blighted 
beets  are  stunted  in  growth;  the  outer  leaves  die  off;  the  new  leaves 
produced  are  small,  curled  or  blistered  in  a  peculiar  manner;  roots 
more  or  less  woody  and  provided  with  numerous  fine  side  roots,  giving 
the  beet  a  whiskered  appeamnce  (PI.  XII,  fig.  1),  while  a  cross  sec- 
tion of  the  main  root  shows  a  more  or  less  intense  darkening  of  cer- 
tain sets  of  fibrovascular  bundles  as  soon  as  the  beet  is  cut.  (PI.  XTI, 
fig.  2.)  These  bundles  are  arranged  in  rings  within  the  root,  hem-^e 
the  darkened  spots  seem  to  be  arranged  in  rings.  As  already  sug- 
gested, several  causes  may  conspire  to  produce  a  stunting  of  the  beet 
or  a  dwarfing  and  curling  of  the  top.  Likewise,  several  factors  may 
cause  the  root  to  assume  a  woody  texture  and  to  produce  a  darkening 
of  the  fibrovascular  bundles.  Hence,  the  sj'^mptoms  mentioned  above 
may  or  may  not  be  characteristic  of  the  curly  top  or  blight.  It  is 
possible  that  several  forms  of  disease  are  represented  by  these  char- 
acters, or  that  this  disease,  so  strikingly  similar  in  different  sections 
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of  the  country,  may,  under  different  conditions,  be  due  to  different 
causes.     These  points  can  be  settled  only  by  further  investigation. 

Several  seasons  ago  the  Spreckels  Sugar  Company  of  San  Francisco 
asked  a  number  of  prominent  specialists  in  Germany  and  elsewhere  to 
investigate  this  disease  which  they  designated  as  the  California  beet 
disease.  The  results  of  these  investigations  were  compiled  and  pub- 
lished by  Professor  Linhart,  with  his  own  views  on  the  subject.  The 
conclusion  reached  by  these  investigators  in  regard  to  the  cause  of 
this  peculiar  disease  varied  within  wide  limits.  By  some  it  was  thought 
to  be  due  to  hot  winds,  others  concluded  that  it  was  due  to  the  action 
of  bacteria,  still  others  considered  it  the  result  of  thread-like  fungi  in 
the  leaves  or  in  the  crown,  while  others  still  thought  it  due  to  a  con- 
dition of  the  soil,  principally  insufficient  moisture  or  lack  of  proper  or 
sufficient  food. 

At  the  request  of  the  American  Beet  Sugar  Company,  Mr.  N.  B. 
Pierce,  in  charge  of  the  Pacific  coast  laboratory  of  the  United  States 
Department  of  Agriculture,  investigated  the  blight  in  California  with 
a  view  to  determining  the  cause  of  the  trouble  and  its  renaedy.  Mr. 
Pierce  arrived  at  the  conclusions  expressed  in  the  accompanying  letter 
addressed  to  the  American  Beet  Sugar  Company,  and  herewith  repro- 
duced with  the  consent  of  the  author: 

Santa  Ana,  Cal.,  June  17, 1901. 
The  American  Beet  Sugar  Co., 

San  Francisco,  Col. 

Gentlemen:  In  pursuance  of  my  expressed  design,  I  mail  you  herewith  a  brief 
opinion  relative  to  the  nature  and  control  of  the  blighting  or  stunting  of  beets.  The 
views  expressed  are  not  of  necessity  conclusive  in  an  investigation  of  this  nature,  bat 
present  my  present  opinions  based  upon  the  field  and  laboratory  work  to  date.  They 
are  offered  for  free  criticism,  in  hope  I  may  thus  learn  their  weak  points  and  pursue 
future  studies  along  the  seemingly  most  productive  lines. 

(1)1  consider  that  one  of  the  most  fundamental  sources  of  trouble  in  the  present 
system  of  beet  culture  in  California  is  found  in  the  use  of  seeds  from  beets  not 
thoroughly  bred  or  acclimated  to  the  California  climate  and  its  arid  conditions. 
Transpiration  is  too  free  under  clear  skies. 

(2)  Field  work  leads  to  the  opinion  that  insufficient,  or  too  easily  or  too  rapidly 
lost,  moisture  of  the  subsoil  is  directly  responsible  for  the  stoppage  in  the  growth  of 
the  tapr(X)t  and  the  stunting  or  blighting  of  beets  where  other  conditions  may  be 
satisfactory. 

(3)  General  fertility  of  the  soil  is  essential,  together  with  proper  culture. 

(4)  I  have  found  no  parasites — bacteria,  higher  fungi,  or  insects — which  appear 
directly  responsible  for  the  blighting  of  the  beets. 

(5)  The  greatly  increased  number  of  basal  lateral  roots,  and  the  correspondingly 
e.ongated  root  hairs  of  some  blighted  beets,  may  be  laid  to,  or  are  a  natural  conse- 
quence of,  a  check  in  the  elongation  of  the  taproot  and  its  normal  terminal  absorbent 
laterals. 

(6)  The  downwani  growth  of  the  taproot  of  a  beet  once  blighted  is  apparently  not 
easily  renewed  by  surface  irrigation,  lateral  roots  commonly  forming  instead. 

(7)  The  blackening  of  the  beet  I  at  present  believe  to  be  a  purely  chemical  action, 
probably  oxidation,  arising  as  a  consequence  of  insufiicient  water  supply  at  the 
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proper  and  timely  command  of  the  plant.     Chemista  may  l)e  able  to  give  more 
special  information  on  this  point. 

In  an  attempt  to  prevent  the  **  blighting"  of  l)eete,  a  perioun  effort  should  be  made 
to  select  and  breed  beetfl  puited  to  clear  gkien,  and  to  pursue  this  selection  for  many 
generations  of  plants,  or,  in  fact,  continuously,  thus  to  })ring  to  bear  the  laws  of 
heredity.  This  work  should  be  done  under  the  supervision  of  men  skilled  in  the 
prodaction  of  seed  and  in  the  natural  sciences,  and  fully  acquainted  with  the 
nature  of  our  climate. 

In  the  growing  of  the  In^et,  in  addition  to  making  sure  that  the  fertility  standard 
of  the  soil  is  sufficiently  high  and  that  cultivation  is  properly  done,  it  is  essential  to 
obtain  and  retain  sufficient  8ul)soil  moisture  to  keep  the  taproot  well  supplied  from 
the  period  of  seed  germination  till  the  crop  is  gathered.  To  obtain  the  latter  desider- 
atum will  tax  all  the  resources  of  your  field  men.  It  is  not  sufficient  to  add  water 
after  the  beet  has  nm  short  at  the  taproot,  as  already  mentioned.  The  water  should 
^be  abundant  and  constant  at  the  end  of  the  taproot  at  all  times,  and  should  increase 
in  amount  below  rather  than  above  that  point,  so  that  the  root  is  constantly  supplied 
and  led  downward. 

Very  sincerely,  yours,  Nbwton  B.  Pierce, 

Pathologist  in  Charge, 

After  a  careful  examination  of  what  is  apparently  the  same  disease 
in  the  middle  West,  the  writer  arrived  independently  at  the  same  con- 
clusion as  Mr.  Pierce,  viz,  that  the  principal  cause  of  the  disease  is 
lack  of  water-supply  to  the  taproot.  The  following  instance  will  illus- 
trate this  point:  In  some  beet-growing  sections  of  the  middle  West 
there  was  considerable  blight  in  1900,  while  in  those  same  sections 
there  was  little  or  no  blight  in  1901.  In  1900  a  ver}^  wet  spring  was 
followed  by  a  very  dry  period  extending  over  several  weeks,  which  in 
turn  was  followed  bv  excessive  rainfalls,  while  in  1901  the  rainfall  was 
suflScientl}'  uniform  to  giv^e  to  the  beets  a  steady  and  constant  growth. 
The  control  of  the  water  supply,  except  in  irrigated  sections,  is  not 
practical,  yet  much  may  be  done  by  cultural  methods  in  conserving 
the  moisture  in  the  soil.  It  is  very  essential  that  the  beets  should 
always  maintain  a  steady  growth  from  the  time  of  germination  to  the 
ripening  season.  It  is  possible  that  this  trouble  may  be  overcome  by 
the  selection  of  beets  apparently^  resistant  to  the  disease,  since  some 
apparently  healthy  beets  are  found  in  nearly  all  badl}'  diseased  fields. 
Arrangements  have  been  made  for  saving  the  seed  from  healthy  beets 
on  badly  diseased  fields  with  a  view  to  originating  varieties  not  subject 
to  the  disease. 

LEAF  SPOT. 

Leaf  Spot  {Cercosjxmi  hetlcola)  was  ver}'^  generally  present  to  a 
greater  or  less  degree  in  the  Middle  and  Eastern  States  and  ranked 
second  in  point  of  destructiveness  during  the  past  season.  Very  few 
fields  examined  in  the  sections  mentioned  were  entirelv  free  from  it 
and  many  were  seriously  aflfected,  causing  considerable  loss  in  tonnage 
as  well  as  in  the  quality  of  the  beets,  the  diseased  beets  having  a  lower 
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sugar  content  and  a  lower  coefficient  of  purit}".     Leaf  Spot  is  product 
by  a  distinct  and  well-known  fungus,  Cerc^yspora  hetic(»hu  which  attacks 
the  leaf  blades  and  petioles,  producing  brown  spots  with  somewhat 
purple  edges.     These  spots  are  at  first  small  and  nearly  round,  but 
increase  quite  rapidh'  in  size,  and  when  two  or  more  spots  meet,  an 
irregular  dead  brown  spot  is  produced,  which  is  brittle  and  which  often 
breaks  and  falls  away  (PI.  XIII).     Eventually  the  whole  leaf  becomes 
affected  and  dies.     The  outer  or  older  leaves  are  attacked  first,  and,  as 
they  die,  new  leaves  are  put  out  from  the  center  of  the  crown.    The 
result  of  this  process  is  that  the  crown  tends  to  elongate  and  to  assume 
somewhat  the  appearance  of  a  pineapple;  hence  the  change  in  shape 
is  often  spoken  of  as  the  '''pineapple''  effet^t  of  the  Leaf  Spot  dbease. 
As  the  spots  on  the  leaves  advance  in  age,  the  surfaces  become  covered 
with  a  grayish  coating,  which  consists  of  a  large  number  of  spores  that 
are  easily  carried  b}''  the  wind  and  other  agencies  from  leaf  to  leaf  and 
from  plant  to  plant.     When  these  spores  lodge  uix>n  the  green  leaves 
of  the  beet,  under  favorable  conditions  of  temperature  and  moisture, 
they  soon  germinate  and  produce  new  spots  upon  which,  in  turn,  new 
sets  of  spores  are  formed,  and  thus  the  disease  is  spread  more  or  less 
rapidly,  depending  upon  conditions.     Attacks  of  this  fungus  are  fre- 
quently noticed  when  a  comparatively  dry  seavson  is  followed  by  damp 
rainy  weather.     In  some  of  the  beet-growing  sections  several  distinct 
attacks  were  made  by  this  fungus  last  se^iison,  resulting  in  an  enormous 
loss  in  tonnage  as  well  as  in  sugar  content  and  purity  of  the  beets. 
The  plants  are  seldom  killed  outright  by  this  disease,  but,  in  addition 
to  the  dwarfing  of  the  beet,  the  elongation  of  the  crown  mentioned 
above  greatly  increase^j  the  amount  of  tare,  since  the  elongated  crown 
must  be  cut  away  in  topping  the  beet^.     In  some  beet-growing  sections, 
where  the  nature  of  the  disease  is  not  well  understood,  it  is  thought 
by  some  growers  that  the  drying  off  of  the  outer  leaves  due  to  Leaf 
Spot  is  a  natural  process  and  not  the  result  of  disease.     As  al  matter 
of  fact,  practically  all  the  leaves  should  remain  intact  until  the  crop 
is  harvested. 

From  the  nature  of  the  fungus  that  produces  the  Leaf  Spot,  as  well  as 
from  the  work  done  ])y  Ilalsted,  of  NewJei*sey,  and  others  in  the  treat- 
ment of  the  disease,  it  is  probable  that  spraying  frequently  and  thor- 
oughly with  Bordeaux  mixture  will  prove  to  be  an  effective  remedy. 
The  Department  of  Agriculture  has  planned  a  number  of  experiments 
along  this  line  to  be  carried  out  in  different  parts  of  the  country,  for 
the  purpose  of  determining  to  what  extent  the  treatment  will  be 
effective  and  how  many  sprayings  will  be  necessary  to  hold  the  dis- 
ease in  check.  A  complete  account  of  these  and  other  experiments 
will  be  given  later  when  their  value  has  been  determined.  The  Leaf 
Spot  has  been  most  serious  during  the  past  season  on  leather  light  soil, 
while  but  little  injury  has  been  produced  on  the  stiffer  soils.     It  is  to 
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be  inferred,  therefore,  other  things  being  equal,  that  it  would  be  safer 
to  use  heavier  soil,  providing,  of  course,  that  there  is  a  variety  of 
soils  to  select  from.  While  we  would  expect  the  Leaf  Spot  to  occur  on 
those  fields  where  the  disease  was  prevalent  the  preceding  season, 
some  of  the  most  seriously  affected  fields  seen  last  year  were  in  areas 
where  sugar  beets  had  not  been  grown  before.  This  suggests  the  point 
that  the  Leaf -Spot  fungus  ( Cerampora  hetlcola)  may  have  other  host 
plants  upon  which  it  exists  from  year  to  year,  and  from  which  it  may 
spread  to  the  sugar  beets  as  soon  as  favorable  conditions  arise,  or  that 
the  fungus  spores  may  be  carried  over  long  distances  or  be  trans- 
ported on  the  seed.  It  is  apparent,  therefore,  that  a  rotation  of  crops 
will  not  prevent  attacks  of  this  fungus,  although  a  proper  rotation 
will  reduce  the  probability  of  serious  damage  during  the  first  season 
on  a  new  area.  The  only  sure  way  to  avoid  loss  from  this  source 
seems  to  lie  in  the  treatment  of  the  plants  in  such  manner  that  the 
fungus  can  not  get  a  foothold,  either  by  spraying  the  plants  or  in 
in  some  other  waj"^  that  will  make  the  plants  resistant. 

LEAF  SCORCH. 

Considerable  damage  was  done  by  the  leaf  scorch  last  year,  espe- 
cially in  the  eastern  part  of  the  United  States.  The  nature  of  t)iis  dis- 
ease has  l»een  investigated  by  Mr.  F.  C.  Stewart,  of  the  Geneva  (N.  Y.) 
Experiment  Station.*  The  brown  or  black  leaf  margins  are  the  first 
bvmptoms  of  the  disease.  As  it  advances,  the  young  leaves  at  the  center 
of  the  crown  blacken  and  die,  together  with  the  blades  of  the  older 
leaves.  In  still  more  advanced  stages  the  roots  show  a  brown  discolora- 
tion. In  some  instances  the  disease  kills  the  plant  outright,  but  in 
most  cases  the  diseased  plants  put  out  new  leaves  and  survive  through- 
out the  season.  No  parasite  has  been  found  in  connection  wdth 
this  disease,  and  Mr.  Stewart  is  of  the  'opinion  that  the  trouble  is 
due  to  a  too  rapid  transpiration  of  moisture  from  the  foliage.  The 
result  of  the  leaf  scorch  is  a  marked  diipinution  in  size  of  the 
affected  beets,  even  though  they  apparently  recover  from  the  disease, 
as  they  seem  to  do  in  some  cases.  It  is  found,  also,  that  the  sugar 
content,  as  well  as  the  coeflSeient  of  purity,  is  strikingly  lower  in  the 
diseased  than  in  the  healthy  beets  at  the  harvesting  season.  Mr. 
Stewart  recommends  proper  irrigation  as  a  reasonably  sure  preventive 
of  this  trouble  in  those  sections  where  irrigation  is  practicable,  provid- 
ing the  disease  should  become  destructive  in  the  irrigated  regions.  In 
those  areas  where  irrigation  can  not  be  practiced,  beets  should 
not  be  planted  on  light  sandy  soil,  and  in  dry  weather  moisture 
should   be  conserved   by  stirring  the  soil   frequently,  and  especially 
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Lit:  T^ir^r  -^ic*^  ^  ctrci  vr^rn  2T*>wn  on  a  nther  stiff  s^il. 

BEET  >«7AB^ 

Ti»'  f  L'^--- ;  r  •-  -•  -'^  "*^^^  "^^^'^'  •  ''*  «*/-'•*■'  ■».'''*♦>*> attacks  the  root  only 
LT'-i  "  :••  :i>^tk-^:  "♦=*^c-  zia^j  ^-^  rv^  - -j^nLzed  in  earlv  stages  hy  the  pre>en« 
r  ^  .T>'^i;i:  if  v^r  •*  •■  r^i,  •^I'^rtLiIy  »^levated  eorkv  >pots  on  the  >ur- 
fi»-"-  :  t:*^  't-^^c  T  •  c^  'Hi'^-i^-  -r*:ts.  at  fir^t  sniall  and  nearlr  round, 
r"^':  HL^'  :»  ^-tk-*?  :i  -L>^  --.-::!  eri^p.tuallv  thev  meet  and  form  Lir^e 
i-^t,^'.:  i-^rL*^.  -  ci»-c^->  il:r.->it  c*>verincr  the  entire  root*  as  >hown  in 
r  *.  X~'»\  ^  i  -  i  -^1-  ^-  !-••  tl-r  x-^ctr^-it  *ierween  the  diseased  and  health  v 
r«  rT'  •::s  f  T^*^  si.'_-  '•r^c.  &^et  M!^b  i-  rather  widespread,  bein^  found 
ji  t;:!'^  ixr:-  :f  tir-  rLii'i-r  ait-i  «?:i<t«»m  heet-growinor  States.  As 
i.-'-'iii-  "jj*-«  ^T-i.  *:i>  ■i:-*':k-^  >  d:;e  to  the  presence  of  a  line  and 
rir -i/ii-.  t-  f  "_--.•-  k:!'  -ST.  i-  *».'..•  -s  *>/V.*,  CTOwincr  in  the  tissues 
:f  :>■  :«-:'r  a'  rr-  -f  :i«r  ""^r-t  n^M.  Thi<  fungus  was  dL^.'Overed  in 
I^.^  T  T:;iAT'T.  vi»  ^r,vei  :r-  ..-^u-al  relation  to  the  scab  disease  of 
:j«-  !•  cj.:  w     >:_.  ^  i::^:  tinje  ::  hiis  ^^?en  >hown  bv  BoUev.  and  inde 


« _•- 


1  .  '7  Ar:l-.r.  TLit  the  '"eel  s«-a'*>  is  pn>iut^  by  the  same  par- 
i»-  :-«  I:  >  tttI-  i-»  wr  :bit  '*«;•  --•  ».-•''•',*  will  live  in  the  >oil  from 
T  t'  t.  '.  TiT,  A-  •£  ^  >  iJi-rv  fo?>^  ei-T  to  reach  the  conclusion  that  beets 
^r-  ...i  7»  --T  f  "v  T  ''^•t*r-  or  p>ta:T.^e^  if  the  crop  produced  is  in  the 
y  i.<  ^  :i.  *  V  K -  rv:i>Ai  ► :? .  rt>  have  *^?en  made  to  treat  the  soil  infested 
v:i:  -4^1*  f  I'^-i-  :r.  <i;:h  :i.-.Ai-n»^r  a<  to  destroy  the  |xirasite,  but  thus 
fvr  :_-  •>  bi'--  V^-i  "•:  -^ti-TA^rory  re>i:]t>-  There  is  pnicticiilly  little 
iL'^-  r  :  :-:r  »i-:.:r-j^  th>  ^.;:.i^;>  into  the  soil  with  the  beet  seed, 
>:-••'-•  :::-r  f..'\r->  i  ♦?^  rvC  *::aK^^k  the  j^rts  of  the  plant  above  jrround. 
I:  •-  r-^^i  y  'v'^vei  tr^t  thi-  di-^^a,-^,  which  spreads  rapiiily  and 
i  v^  ^  --::«ri  '-:  .Ltr.soi**  ii::iy  ea^:!y  W?  avoided  by  a  proper  rotation 
c:  .r  v^  '  u:  :h-rv  :>  r.«>  vi^dr^iie  knowledge,  so  far  as  the  writer  is 
i'virv,  :r  r^-  -iri  to  th-=^  Jt^Rgth  of  time  thai  this  fiingu<  will  live  in 
t~-.  <•  :I. 

FS»^WN    R«>T,  OR    RHtZ4X^TOXlA   ROT. 

Th-t  rv  are  ?*veral  fomi'-  of  disease  known  as  root  rot.  of  which  the 
s*>ca '.tvi  "^rv'^n  Tv>t  has  been  mvxt  geneTal  and  has  done  the  greatest 
aircvir.i  o:  dATv.A^.  It  is  -pread  more  or  less  abundantly  over  the 
u.:  i  lit  ani  ea>tern  jxirt-  of  the  United  States.  This  disease  has  been 
i::von  i>^n-:,icra''ne  attention  by  Dr.  B.  M.  Doggar,  formerly  of  the 
Cornell  Kxjvriiu^nt  Station.*  now  with  the  Bateanof  Plant  Industry, 
Vn!t«sl  Stales  Dejxirtment  of  Aorriculture.  Since  the  dL^covery  of 
thisdi>ea>e  several  other  form>of  root  rot  have  been  observed;  hence. 


•Riill^iin  Ifvx  Coniell  Tniv.  Exp.  StaL.  Ithaca.  X.  Y. 


SuOAR  Beet  seriouslv  affected  by  Scab. 
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the  term  root  rot  does  not  distinguish  this  from  other  diseases.  It 
has  for  this  reason  been  called  the  brown  rot;  but  even  this  does  not 
ser\'e  to  distinguish  it  from  other  forms  of  disease;  therefore,  since  it 
is  produced  by  a  distinct  fungus,  Rhizoctonia  het^^  it  is  probabh'  best 
to  designate  this  rot  as  the  rhizoctonia  rot.  Dr.  Duggar  describes 
this  disease  as  follows: 

Under  favorable  conditions  the  rhizoctonia  root  rot  generally  secures  its  foothold 
at  the  bases  of  the  leaves.  These  parts  are  moistened  with  the  slightest  rain  or  dew. 
Inoculation  experiments  show  that  in  those  regions  the  disease  "takes"  very 
readily.  The  first  evidence  of  the  attack  is  manifested  in  the  blackening  of  these 
leaf  bases,  the  outer  leaves  first,  sd  that  the  stalks  soon  become  unable  to  support 
the  blades  and  the  leaves  may  lie  prostrate  on  the  ground.  The  leaves  do  not,  how- 
ever, lose  their  green  color  very  readily.  The  disease  soon  works  into  the  crown 
and  root  proper,  causing  the  infecte<i  parts  to  turn  brown.  With  further  spread  of 
the  fungus  in  the  root  regions  cracks  appear  in  the  root  (PI.  XVI),  and  if  the  condi- 
tions continue  to  favor  the  development  of  the  disea^ie  the  whole  top  gradually  rots 
away  and  the  beet  finally  disappears. 

As  a  preventive  of  the  Rhizoctonia  rot.  Dr.  Duggar  suggests  the 
use  of  lime  or  other  alkaline  substance,  on  the  theory  that  the  fungus 
requires  an  acid  medium  on  which  to  grow.  The  question  of  a  satis- 
factory preventive  has  not  been  fully  worked  out,  and  it  is  the  purpose 
of  this  Department  to  determine  the  nature  and  quantity  of  substances 
best  suited  to  control  the  disease. 

ROOT   GALL. 

This  disease,  known  for  more  than  fifty  years  in  Germany,  has 
appeared  in  a  few  of  the  beet-growing  sections  of  this  countr\\  The 
galls  usually  form  upon  the  upper  part  of  the  root,  sometimes  one, 
sometimes  several,  upon  the  same  root.  One  large  gall,  tj^pical  in 
position  and  appearance,  is  shown  in  PI.  XV.  These  outgrowths 
varj'  in  size  from  that  of  a  pea  to  6  inches  or  more  in  diameter.  When 
the  galls  have  once  started  they  continue  to  increase  in  size  with  the 
age  of  the  beet.  Although  this  disease  has  received  considerable 
attention  from  several  investigators,  the  cause  of  the  trouble  has  not 
been  definitely  determined.  By  some  investigators  it  has  been  ascribed 
to  the  action  of  insects,  while  others  hold  that  it  is  due  to  the  presence 
of  fungi,  and  still  others  think  it  is  due  to  unfavorable  conditions  of 
soil  and  climate.  The  result  of  this  disease  is  to  reduce  the  size  as 
well  as  the  quality  of  the  affected  beets.  Experience  shows  that 
beets  grown  in  soil  where  the  disease  has  previously  appeared  will 
be  aflfected  usually  more  seriously  with  each  succeeding  crop,  hence 
rotation  should  be  practiced  wherever  the  root  gall  appears,  at  least 
until  the  matter  can  be  further  investigated  and  some  satisfactory 
remed}"  found.  It  should  be  stated  that  rotation  is  not  always  neces- 
sary nor  desirable. 
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CONCLUSIONS. 

The  main  problems  which  present  themselven  to  the  grower  of  sugar 
beets  from  the  standpoint  of  disease  lie  along  the  line  of  prevention 
rather  than  cure.  Prevention  must  be  considered  from  two  stand- 
points: First,  the  prevention  of  the  introduction  of  diseases  from 
other  beet-growing  countries;  second,  the  prevention  of  the  annual 
attacks  of  diseases  alread}'^  established  in  the  beet  fields  of  our  own 
country.  It  is  possible  that  diseases  maj^  be  introduced  from  foreign 
countries  through  the  importation  of  foreign  seed,  and  it  would  be 
very  desirable  if  all  sugar-beet  seeds  coifld  be  treated  for  the  destruc- 
tion of  fungous  spores  before  planting.  The  seeds  should  be  treated 
by  the  growers  themselves  or  by  some  competent  person  just  before 
the  seeds  are  planted.  While  it  is  true  that  the  proper  treatment  of 
the  seed  balls  with  suitable  fungicides  will  greatly  diminish  the  possi- 
bility of  the  introduction  and  dissemination  of  disease  through  the 
^agency  of  seeds,  the  most  satisfactor}''  fungicide  to  be  used  for  this 
purpose  has  not  yet  been  clearl}'-  established.  Investigations  are  now 
in  progress  along  this  line.  It  is  necessary  that  the  fungicide  employed 
should  be  effective  in  destroying  the  spores  without  injuring  the  ger- 
minating power  of  the  seed,  that  it  should  be  inexjjensive,  and  that  it 
should  be  of  such  a  nature  as  to  be  easily  and  safelv  used  bv  the 
grower.  Various  forms  of  fungicide,  such  as  copper  sulphate,  car- 
bolic acid,  formaldehyde,  lysol,  sulphuric  acid,  etc.,  have  been  used 
in  the  treatment  of  beet  seed  by  different  investigators  with  varying 
results.  In  most  instances  a  1  per  cent  solution  of  carbolic  acid  seems 
to  have  been  reasonably  satisfactory  from  the  standpoint  of  spore 
destruction,  but  the  objection  raised  against  it  is  that  it  is  too  expen- 
sive for  practical  purposes.  The  same  objection  is  made  to  some  other 
fungicides.  Again,  while  some  substances  are  inexpensive,  they  are 
often  but  partially  successful  as  spore  destroyers  or  are  injurious  to 
the  seed. 

In  efforts  to  prevent  the  attacks  of  prevailing  diseases  of  the  sugar 
beet  from  year  to  year,  several  methods  present  themselves,  all  of 
which  may  be  useful:  (1)  The  seed  should  receive  considei^ation, 
whether  grown  at  home  or  abroad;  (2)  conditions  point  to  the  impor- 
tance of  producing  varieties  of  the  sugar  beet  that  shall  be  resistant  to 
at  least  some  forms  of  disease;  (3)  the  treatment  of  the  foliage  is  of 
prime  importance,  especially  in  those  sections  where  leaf  spot  and 
other  diseases  of  the  foliage  produced  b}'^  parasitic  fungi  are  prevalent; 
and  (4)  the  treatment  of  the  soil  should  receive  careful  and  prompt 
attention.  This  is  placed  last  not  because  it  is  considered  of  least 
importance,  for  in  some  sections  it  is  all-important.  Indeed,  it  is  of 
more  or  less  importance,  either  directly  or  indirectly,  in  the  considera- 
tion of  diseases  wherever  sugar  beets  are  grown.     The  same  treatment, 
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ho^vever,  can  not  be  established  for  all  places,  even  where  the  same  dis- 
ease occurs.  Sometimes  it  is  a  case  of  drainage,  sometimes  a  case  of 
inigation,  of  fertilizers,  of  fungicides,  of  seed  treatment,  or  of  the 
development  of  resistant  varieties.  These  are  some  of  the  problems 
that  are  at  present  confronting  those  who  have  in  charge  the  investiga- 
tion of  the  diseases  of  sugar  beet**.  The  results  of  these  investigations 
"will  be  made  known  to  those  interested  in  the  growing  of  sugar  beets 
as  soon  as  definite  conclusions  are  reached. 

SUGAU-BEET  SEED:  PBODUCTION  AND  TESTING. 

By  A.  J.  P1ETER8,  of  the  Bureau  of  Plant  Industry. 

In  the  case  of  no  other  crop  is  the  success  of  large  operations  and 
the  profitable  investment  of  millions  of  capital  more  dependent  upon 
the  quality  of  the  seed  than  in  that  of  the  sugar  beet.  European 
sn^r  producers  have  realized  this  for  many  years,  and  the  American 
manufacturers  are  becoming  more  convinced  of  it  every  season. 

IMPORTANCE   OF   USING    FIRST-CLASS   SEED. 

The  importance  of  using  first-class  seed  has  been  so  well  brought 
out  by  Henry  W.  Diederich,  consul  at  Bremen,  Germany,  in  Consular 
Reports,  No.  242,  that  I  can  not  do  better  than  to  quote  a  part  of  his 
report: 

Sugar  is  made  not  in  the  sugar  factories  but  out  in  the  fields.  Therefore,  it  is 
impossible  to  pay  too  much  attention  to  the  cultivation  of  beets  containing  the 
highest  proportions  of  sugar,  and,  at  the  same  time,  with  the  laigest  tonnage  per  acre. 
In  order  to  produce  such,  the  selection  of  suitable  soil,  the  climate,  the  rainfall,  and 
length  of  season,  the  fertilizing  and  planting,  the  cultivating  and  harvesting — all  are 
very  important  factors.  But  the  most  important  of  all  is  to  start  out  with  the  best 
seed  obtainable;  for  good  seed,  after  all,  is  the  foundation  of  successful  sugar  industry. 
If  I  may  express  an  opinion,  based  on  my  personal  observation,  it  is  that  some  of 
our  beet  growers  should  insist  more  than  thev  have  upon  getting  none  but  the  best 
of  seed,  no  matter  what  the  price  may  be.  *  *  *  The  first-class  sugar  factories 
of  Europe  buy  none  but  the  very  l^est  seed,  grown  from  high-grade  individual 
"mother'*  beets,  to  distribute  among  the  beet  growers;  thus  not  only  maintaining 
the  standard  of  their  sugar  beets  as  to  quality  and  quantity,  but  also  putting  them- 
selves in  a  position  to  compete  in  all  the  markets  of  the  world.  This  first-class  seed 
is  sold  and  delivered  by  the  growers  on  board  cars  in  the  Prussian  province  of  Saxony 
at  from  8  to  10  cents  per  pound,  which  is  a  moderate  price,  considering  the  fBX'i  that 
it  takes  at  least  four  years  to  get  it  into  the  market. 

There  is  also  a  second-class  seed  offered  for  sale  in  this  country  at  from  5  to  6  cents 
per  {X)und.  This  is  commonly  called  the  **  nachzuchtsamen,"  being  a  seed  produced 
not  from  the  mother  l)eets,  but  from  the  first-class  seed  mentioned  above.  This 
inferior  grade,  howerer,  is  not  used  by  first-class  sugar  men  in  Germany,  Ffrance, 
Holland,  and  Belgium,  but  most  of  it  goes  to  Austria,  Russia,  and  the  United  States. 
And  this  is  the  reason  why  I  deem  it  my  duty  to  call  attention  to  the  importance  of 
getting  only  the  very  best  seed  obtainable.  In  my  opinion,  those  American  growers 
of  sugar  beets  who  buy  cheap  grades  of  seed  make  a  great  mistake.     All  kinds  of 
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^•.  J  -  A  :j -i-x.  >:•-!•  ivn*  \  ^.^ -i^v^nenite.  Even  the  firet-clas?  Ym-ei  set^l  n.--- 
:  :t*  »  •x  •■  »  :•  ;  •t-'i:  ^  rt.-^  *vt»t^  that  ix>me  up  to  the  staDdanl  «"»f  ti>r  ••r.^iiij. 
c  '  .->''  >*•.  'ti  *•  ^^«  -%  A  V  esi  ^^\Hn?-h&lf  to  1  p>er  c'entof  eagari'*»ni4-iit.  N  w. 
:ii  '^*-  .•  .  o-  '•^■■=k  *•  •!  I  -^^''v  Will  «Uveaerate  more  than  as  mucrh  again.  ai:»i  .-•* 
r>  •        •    ^  >»-  '^•1*.     r*  :i  >  4  5tujul  aiiuHint,  when  c»onsidered  by  iti^Ii,  vrC  ::  i? 

^  r    ♦  ■.   -  i    .♦  *   •»   -r-n  :::*.•  vr  ct^  of  ;»  sui^ar  factory  into  a  lose,  Imt  evtrn  i..  *'irxt 

.>.-^.\  --»  -^  Vifi  c TN  .V  <x>?6i  V\iKH>  tons  (short)  of  lieets,  which  w«.»u>i  yi^.i 
1  s  .:  V.  »  "^^v:*^  i  :  \  *  '.vr  ,v{ic  ^i^str  in  the  extraction.  After  deducting  th«r  «G^3ff 
t  ♦  .!  *»  u  .oA^>^  4.t.:  t  c.^^fr  ^;fcs.te.  this  would  leave  about  13  percent — ^.ViTi 
•i  -^    *   ■   r»-  ^-^i^:  .  »4iK.»\  "I  dL-s>^rA"i^  suiSir,  which,  at  $50  a  ton,  would  net  $:525. ».■•"•. 

*  u"  r*  <  x...vr">  ',*t*  sunt?  4:vAHia:  v*t  ^vt»tSs  grown  from  second-olasi^  see^l.  whi-'h, 
dk  %  :x.-  %  •  ""v^r.  ^j^v  i  vit^  I.  >  tvr  vvut  ^«*i  v>f  sujsar  in  the  extraction.  After  tL> 
*i..\  \-A.  •^ic-  *.>*>»  o'i:«»  *.*-•  itjc^^  the  procv?^  of  refining  there  will  be  11.7  percent — 
\  v>  "»  »t^    k  ♦>^rK\:u  ^e  5U::ykr,  whiofa*  at  ^V>  a  ton,  would  net  1292,500. 

■  %  V  -^\»t  *:  4  ^diiivv  :aji:»  wh:"ve  Kuh  fai'tories  use  the  same  amount  of  m^itr- 
-^  i  *s:  \»  t.  -.^v  >%i;-'t?  !f\*.v<u:«t*  ^^r  lalvr,  fiu»l,  eti\,  there  is  a  di^erence  in  the  larnjee 
>*»      »^  •  r   '.ii*  :  5fe  *':'^\:  >u::air  i::ivH.ui:iuar  to  $o2,o00. 

>.«••  I-*  V  xii^r*:  V"  ^'tts*  .»<  dr^'<lacJ?6  :*xhU  at  |1S0  per  ton,  $9,900;  Factory  B 
t\  v^v*  ^*  -'  i*>  i  ^wc'l^litss  j^.'^Vv.  At  $I:X>  |H»r  ton.  $H.600.  It  will  }ye  seen  that  Far- 
•a  .-^  '-i  ^-i.i.v»x  >.-  '^:^  *'  ^-'.vtiit'*"  a:\vI  to  make  mvmey  fast.  It  did,  indeed,  eave$3,3i'N> 
ou  *v  ^a  ^ .  >t.c  y,v  t-  ni  V  -v^sui  '\v  inantiuis  the  wry  beet  seed  obtainable,  and  came 
v'*:.  A.  H'  ",*>'.  ,^^  :>*c  T^u^r^it  >»  ::*  ;?:^*.:flX^  v"a;*h  aheaii  of  its  competitor,  and  was  in  the 
XX  >.    %  it    k   t<\-5C^''jc  A  *.ci:tvl5<*r*t»  «rvidcnvL 

".  V,  '^^  :  A  r^  ,"v  ^^T  :>.*»4?«-  :u  *;:e.  :ht^  cheaj»e?t  lieet  seed  is  the  dearest.  It  pays  to 
<^v  :  *v  ^^.i-^  'y*^v  A::»i  or*.>  :iv  \ery  bet^t  is  gOixi  enough.  Let  the  good  work  of 
cx'\r-  :  ott:;»jc  'J  t.v  !iv«ii  v>c  "Si'^car^Nvt  \,"tiltun»  i\>ntinue,  in  order  to  learn  exactly 
>»  ^i"  H^  vH:t  .:•'  :*t  :  v  ^v  v»t  ncrvv  and  gtv^wing  competition;  but  let  American 
^r^.^^.i^  kivJ^^-'r^f  rtvi  v»n  V  tv»  ir\  dittVreni  varieties  of  seed,  but  also  to  plant  none 
Vi;t  ^x>'.  .*i  '*  ^'^  jC'^lc  a:^1  vaw  jWiitrw. 

U  K  c\  Nior:t  tbc^t.  if  ihv  prv^titable  operation  of  a  s»ugar  factory  may 
vlcivrid  u;vu  54  vi*  :fer\uKV  of  I  jvr  tvnt  in  the  sugar  content  of  the  beets, 
it  i>  of  tixc  utiuvvit  iunx>rtiin^v  that  the  seeii  used  should  be  the  be-^t 
o>tuit»a*^ic  aiKl  th^t  it  >hvHiUl  als^>  bo  adapted  to  the  climatic  and  soil 
^viivi'tio^w  o*>Ciiiiuiiir  it^  the  su^rar  In^lt  of  the  United  States.  At  present 
altuvKxt  all  tl.c  ^UiTHr-Uvl  ^hhI  useil  in  the  Uniteil  States  is  imported  from 
Oonr.an\\  only  a  -^mall  amount  Ikmuji^  g'rown  in  this  countr\\  Jud^ng 
fivui  the  aoivHov  that  it  i^  estimated  will  Im?  planted  in  sugar  beets  in 
li*^':^,  aU>ut  :^,4»'«>  toi\>  of  setnl  will  1h^  required.  Of  this  amount  less 
tb:ui  UK>  tot\>  will  pivUihlv  Ih^  pixxlui*ed  in  the  United  States,  the 
gtvator  i^tirt  of  that  in  Colorado  and  California. 

The  price  jxiid  for  iiniH>rted  seed  varies  from  7i  to  17  cents  per 
p^>uiul,  the  aveniiT^^  price  paid  by  most  factories  being  about  9  cents, 
delivereil  in  Chicairi)  or  Omaha.  It  i*osts  in  the  neighborhood  of  4.5 
cents  to  irrow  a  pound  of  sugar-beet  seed  in  France  or  Germany,  but 
chioflv  bei*5Uise  of  the  srreater  ci>st  of  labor  in  the  United  States 
don>estic  seed  can  not  bt»  sold  as  cheap  as  foreign,  California  growers 
receiving  10  cents  per  ])ound,  exclusive  of  freight  charges. 
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EXPERIMENTS  WITH   IMPORTED   AND   HOME-GROWN   SEED. 

Some  years  ago  the  United  States  Department  of  Agriculture  estab- 
lished a  station  for  growing  beet  seed  at  Schuyler,  Nebr.,  where  5,000 
tested  mothers  were  planted  in  1893.  The  station  l)eing  abandoned,  the 
seed  produced  was  sold  to  the  highest  bidder.  Several  experiment  sta- 
tions have  also  done  more  or  less  work  along  this  line,  the  stations  in 
Colorado,  Nebraska,  Illinois,  Indiana,  and  Minnesota  being  at  present 
actively  engaged  in  this  w^ork.  At  the  Colorado  station  the  tests  made 
with  imported  and  domestic  seed  resulted  favorably  to  the  latter.  The 
results  of  these  experiments  are  given  in  Bulletin  No.  51  of  the  Colo- 
rado Agricultural  Experiment  Station,  from  which  we  quote: 

An  extensive  series  of  tests  was  made  of  beet  seeil  grown  in  the  United  States  aa 
compared  with  seed  grown  in  Europe.  Six  varieties  were  used;  one  grown  in 
France,  one  in  Saxony,  two  in  Germany,  and  two  in  the  Unite<l  States.  The  sources 
of  the  seed  are  as  follows: 

1.  Ctah  Klein wanzlebener:  This  seed  was  grown  at  Lehi,  Ttah,  by  the  Utah 
Sugar  Company.  The  seed  first  used  was  the  Original  Klein  wanzlebener,  from  Ger- 
many, and  the  seetl  teste<l  this  year  was  the  second  generation  of  American  seed 
grown  from  the  German  seed. 

2.  Original  Klein  wanzlebener:  Imported  from  (xermany  and  sent  to  us  by  the 
Utah  Sugar  Company.  Of  course  this  was  not  the  identical  seed  that  was  used  as 
the  ancestor  of  the  Utah  Klein wanzlel)ener  seed  above  mentioneti,  but  it  is  from  the 
same  seed  farm,  of  a  crop  a  few  years  later,  and  is  presumably  of  about  the  same 
quality. 

3.  Vilmorin:  Sent  us  by  the  United  States  Dejiartmentof  Agriculture  and  imported 
by  them  from  the  original  growers  in  France. 

4.  Mangold:  Grown  by  M.  Knauer,  Groebers,  Saxony,  and  imported  for  us  by 
the  agent,  H.  Cordez,  Lagrande,  Oreg. 

.  5.  Eddy  Klein  wanzlebener:  This  seed  was  grown  at  Eddy,  N.  Mex.,  during  the 
season  of  1897,  from  the  beets  of  1896,  that  were  grown  from  seed  obtained  from 
>Iaison  Carlier,  Orchies.  North  France.  It  is,  therefore,  the  tirst  generation  of  Amer- 
ican seed  from  the  original  French  seed.  This  is  the  first  crop  of  seed  raised  at  Ecidy. 
6.  Elite  Kleinwanzlebener:  Imported  from  Germany  by  the  United  States  Depart- 
ment of  Agriculture.  Seed  of  these  six  varieties  was  sent  to  quite  a  number  of  per- 
sons in  the  various  irrigated  jiortions  of  Colorado  who  had  promised  to  take  8i)ecial 
pains  in  the  test.  Some  of  the  tests  were  to  be  on  a  small  scale  with  the  richest  of 
ground  and  the  best  of  conditions.  Another  set  of  tests  was  to  )je  ma<^le  on  a  larger 
scale  under  general  farm  conditions. 

The  results  of  the  experiments  are  tabulated,  and  the  conclusions 
dmwn  from  these  are  as  follows: 

A  comparison  of  the  results  from  the  different  kinds  of  seed  shows,  first  of  all,  that 
they  are  all  good  seeds.  An  average  of  25.1  tons  of  beets  i)er  acre,  testing  15.57  sugar 
and  81.3  purity,  is  a  very  high  yield.  There  is,  however,  considerable  difference  in 
the  results  from  the  different  varieties.  The  Elite  Kleinwanzlel>ener  and  the  Vil- 
morin were  sent  us  by  the  United  States  Department  of  Agriculture  as  the  l)est  ])eet 
seed  that  they  could  get.  The  original  Kleinwanzlebener  was  selected  by  the  Utah 
Sugar  Company  as,  in  their  judgment,  the  best  brand  of  seed  on  the  market  from 
which  to  raise  their  own  seed.  If  we  take  the  average  of  these  three  first-clan's  seeds 
and  compare  it  with  the  seed  raiseil  in  Utah,  the  comparison  is  in  favor  of  the  Utah- 
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grown  seed  in  per  cent  of  sugar  and  purity,  while  the  crop  per  acre  is  equal.  The 
Utah  seed  is  therefore  superior  in  pure  sugar  per  acre  and  in  availahle  sugar  per 
acre.  The  Utah  seed  is  superior  to  the  seed  from  which  it  is  descended  in  sugar  and 
purity,  but  a  little  inferior  in  quantity  of  crop. 

The  seed  grown  at  Eddy  does  not  give  so  good  results  as  the  Utah  seed,  but  it 
equals  the  Vilmorin  and  is  not  far  behind  the  Original  Kleinwanzlebener.  The  ger- 
minating quality  of  the  see<ls  is  quite  satifactory.  The  four  Kleinwanzlebener  varie- 
ties give  87  per  cent  of  stand,  while  the  Vilmorin  gives  80  per  cent  and  the  Manfsold 
75  per  cent. 

In  the  light  of  these  experiments  there  can  be  no  doubt  that  sugar-beet  seed  can 
be  grown  in  the  United  States  fully  equal  to  the  best  of ^  the  imported  seed. 

In  the  experiments  at  Scuyler  it  was  shown  that  the  domestic  seed 
gave  crops  of  21.1  tons  per  acre,  while  the  imported  seed  gave  but 
17.9  tons,  and  that  the  amount  of  sugar  produced  per  acre  was  12  per 
cent  greater  from  the  domestic  than  from  the  foreign  seed. 

.     PRODUCTION   OF  SUGAR-BEET   SEED   IN  AMERICA. 

The  beet  seed  gi'own  by  private  enterprise  in  Colorado  and  Califor- 
nia is  all  used  at  or  near  the  place  of  production.  That  the  seed  pro- 
duced gives  satisfaction  is  abundantly  attested  by  the  fact  that  the 
growers  are  increasing  their  acreage  as  rapidly  as  po-^sible.  The  Utah 
Sugar  Company  of  Lehi,  Utah,  which  began  to  grow  seed  in  a  small 
way  some  yeai's  ago,  produced  40  tons  in  190<)  and  had  an  increased 
acreage  in  1901.  J.  B.  Agnew,  a  seed  grower  of  Agnews,  Cal.,  pro- 
duced 25  tons  in  1900.  So  far,  wherever  home-grown  seed  has  been 
used  in  comparison  with  imported  the  sugar  content  of  the  resulting 
beets  has  been  higher  than  that  from  imported  seed.  In  Washington 
State,  where  the  production  of  sugar-beet  seed  has  recently  been 
begun,  the  results  have  been  especially  striking,  as  will  appear  from 
extracts  from  a  letter  written  by  E.  H.  Morrison,  of  Fairfield,  Wash. 
Mr.  Morrison  sent  samples  of  home-grown  and  imported  seed  to  be 
tested  for  germination. .  The  results  of  the  tests  showed  that  the  domes- 
tic seed  had  much  better  vitjility  than  the  imported  seed. 

Tests  of  hnjx>rted  and  hovie-groum  seed. 


Domestic.  '  Cmported. 


—r< 


Percentage  of  puritv 96. 1*2  90.9 

Sprouts  from  100  balls  in  C  (lavs I  191.5  IOOl 

Sprouts  from  100  balls  in  12  days I  197.5  »  112. 

Percentiigo  of  balls  sprouted  in  6  day?* I           98.       i  53.5 

Pen."entago  of  balls  sprouted  In  12  days I           93.  5S.5 

Sprout**  fn)m  1,000  grams  of  seed  in  6  davs j  114, 600  71,000 

Sprouts  from  1.000  grams  of  seed  in  12  days 119,000  ,  80,SOO 

I  ^ 

Regarding  this  seed,  Mr.  Morrison  said: 

Of  the  two  samples  sent  you,  the  one  marked  *'No.  1"  was  home-grown  crop  of 
1901.  Sample  No.  2  was  Kleinwanzlel)ener  Original,  said  to  be  the  best  imported 
seed  of  the  crop  of  1900.  The  seed  marked  "Domestic"  was  grown  from  beets  of 
Klein  wanzlebeiier  Original  8ee<i.     The  physical  selection  of  the  mothers  was  made  by 
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my  foreman,  who  has  had,  as  I  said  above,  twenty  years'  experience  in  seed  raising 
in  Europe.  The  selections  were  made  with  great  care  from  a  field  of  120  acres  that 
gave  an  average  factory  retam  of  20  per  cent  sugar  and  a  purity  coefficient  of  nearly 
90,  many  individual  beets  showing  24  per  cent  of  sugar. 

The  beets  I  raised  this  year  from  my  own  seed,  for  the  Waverly  factory,  gave  me 
an  average  factory  return  of  19.9  per  cent  sugar  and  a  purity  of  88.  The  beets  in  the 
same  field  from  Germany,  Kleinwanzlebener  Original,  averaged  18.59  per  cent  sugar 
and  85.67  in  coefficient  of  purity. 

My  experience  indicates  that  this  section  of  Washington  is  well  adapted  to  grow- 
ing beet  seed  of  a  superior  quality.  In  the  first  place  our  beets  generally  have  a  high 
percentage  of  sugar  and  purity.  Then,  again,  we  have  a  long,  warm,  cloudless  sum- 
mer for  the  maturing  of  the  seed.  So  far  my  average  has  been  about  1,500  pounds 
of  seed  to  the  acre.  I  think  by  the  use  of  fertilizers  and  better  preparation  of  the 
soil,  and  with  a  favorable  season,  that  this  could  be  increased  to  2,000  pounds  per 
acre.    *    *    * 

I  inclose  copy  of  analyses  of  beets  sent  by  me  to  Professor  Fullmer, 
of  the  Pullman  Agricultural  College,  in  1895,  simply  to  show  the 
purity  of  the  beets  grown  in  this  vicinity,  which  certainly  should  enter 

as  a  factor  in  producing  high-gi^ade  seed: 

■ 

Remits  of  analyses  of  beets  grown  in  Washington. 


Weight  of 

Sugar  in 

Sugar  in  . 

Coefficient 

beets. 

beets. 

juice. 

of  purity. 

Ounces. 

Percent. 

Per  cent. 

11 

'22.  i 

23.6 

92.9 

11 

21.9 

23.0 

93.1 

14 

20.6 

21.7 

93.5 

13 

20.1 

21.2 

92.2 

25 

19.9 

20.9 

86.7 

14 

19.5 

20.5 

90.7 

80 

18.6 

19.6 

94.2 

20 

18.2 

19.2 

90.1 

24 

18.0 

19.0 

89.6 

16 

17.3 

18.2 

85.4 

23 

17.1 

18.0 

92.3 

18 

16.9 

17.8 

92.2 

17 

16.5 

17.4 

88.3 

16 

16.3 

17.1 

87.7 

16 

13.8 

14.6 

88.5 

The  beet-sugar  industry  is  now  so  well  established  in  the  United 
States  that  it  would  be  poor  policy  to  depend  longer  on  imported  seed. 
The  possibility  always  exists  that  by  failure  of  the  crop  or  b>*  reason 
of  political  or  trade  disturbance  the  supply  of  seed  may  be  cut  oflf;  but 
even  if  this  possibility  be  regarded  as  remote,  it  is  nevertheless  true 
that  American  sugar  factories  will  never  attain  their  maximum  profit 
until  we  have  beet  seed  especially  produced  to  meet  American  condi- 
tions. The  problem  which  the  Department  of  Agriculture  will  seek 
to«olve  is  where  sugar-beet  seed  may  be  grown  to  give  the  best  results 
under  the  varjang  conditions  prevailing  throughout  the  sugar-beet 
belt.  Experiments  have  been  undeitaken  for  the  production  of  sugar- 
beet  seed  in  cooperation  with  the  State  experiment  stations.  These  ex- 
periments will  be  conducted  according  to  the  best  commercial  methods 
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and  on  a  scale  sufficiently  large  to  throw  light  on  the  problem  of  beet- 
seed  production  in  the  United  States. 

TESTING   SUGAR-BEET  SEED. 

Only  second  in  importance  to  the  care  with  which  a  strain  of  beet 
seed  has  been  selected  is  the  vitality  of  the  seed.  The  matter  of  test- 
ing beet  seed  for  purity,  moisture  content,  and  germination  has  there- 
fore received  a  great  deal  of  attention  abroad,  and  one  of  the  chief 
duties  of  the  seed  control  station  is  the  testing  of  sugar-beet  seed. 
Standards  have  been  adopted  by  a  number  of  societies  and  stations, 
but,  of  these,  two  are  the  most  important — ^the  Magdeburg  standards, 
which  are  in  use  throughout  Germany,  and  according  to  which  Ameri- 
can factories  usually  buy,  and  the  Vienna  standards,  which  are  main- 
tained by  the  Government  experiment  station  at  Vienna,  Austria,  and 
are  in  force  throughout  the  country.  When  seed  is  sold  subject  to 
either  standard  and  fails  in  any  particular,  it  may  be  refused.  These 
standards  are,  however,  not  adequate  protection  for  the  Americaa 
buyer,  so  long  as  he  must  use  imported  seed.  The  ocean  voyage 
always  has  an  injurious  effect  on  the  vitality.  Seed  that  left  Germany 
up  to  grade  may  not  show  standard  tCvSt  when  delivered  in  the 
United  States,  and  it  is  difficult  in  case  of  a  difference  between  the 
first  and  second  test  to  effect  a  settlement.  With  home-grown  seed 
such  trouble  would  not  be  experienced,  differences  could  easily  be 
adjusted,  and  there  would  not  be,  for  many  j'^ears  at  least,  a  tempta- 
tion to  sell  old  seed  for  new,  because  the  demand  will  for  a  long  time 
exceed  the  supply.  The  methods  in  use  in  the  seed  laboratory  of  the 
Department  of  Agriculture  are  identical  with  those  used  by  the  best 
German  stations.  The  balls  ai*e  soaked  for  about  six  hours  and  are 
then  placed  between  blotters  wet  with  filtered  water.  They  are  then 
put  in  chambers  where  they  are  kept  for  six  hours  at  a  temperature 
of  40°  C.  and  for  eighteen  hours  at  20°  C.  The  first  count  is  made 
after  six  days  and  this  is  reported  as  the  preliminary  report.  The 
test  is  completed  in  twelve  days. 
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